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(54) SYSTEM FOR RECORDING AND REPRODUCING DIGITAL INFORMATION, AND DIGITAL 
INFORMATION RECORDING MEDIA 

(57) In a system for recording/playing back video 
data together with control information, a thumbnail, or 
thumbnail control information, extracted from a moving 
picture of a video is used as the control information. The 
thumbnail control information includes information for 
generating a thumbnail image which is generated based 
on the contents of the video data, and information for 
using the generated thumbnail picture in a menu corre- 
sponding to the contents of the video data. The user can 
create a menu corresponding to the video recorded 
contents. 
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Description 

Technical Field 

[0001] The present invention relates to a digital information recording/playback system which allows the user to cre- 
ate a menu corresponding to recorded contents, and an information recording medium used in this system. 
[0002] In particular, the present invention relates to a digital information recording/playback system which has a 
function of supporting the user to create a visual menu that partially uses actual recorded contents (a still picture, a 
short movie, or the like), and an information recording medium used in this system. 

Background Art 

(Description of Prior Art) 

[0003] In recent years, systems for playing back the contents of optical discs that have recorded video (moving pic- 
ture) data, audio data, and the like have been developed, and have prevailed for the purpose of playing back movie soft- 
ware, karaoke, and so on like LDs (laser discs), video CDs (video compact discs), and the like. 
[0004] Among such systems, a DVD (Digital Versatile Disc) standard that uses MPEG2 (Moving Picture Experts 
Group) international standard, and adopts an audio compression scheme such as AC-3 (digital audio compression) or 
the like has been proposed. The DVD standard includes read-only DVD video (or DVD-ROM), write-once DVD-R, and 
erasable/rewritable DVD-RW (or DVD-FIAM). 

[0005] The DVD video standard supports MPEG2 as a movie compression scheme, and AC3 audio and MPEG 
audio in addition to linear PCM as an audio recording scheme, in accordance with MPEG2 system layer. Furthermore, 
this DVD video standard is configured by appending sub-picture data for superimposed dialogs obtained by runlength- 
compressing bitmap data, and control data (navigation data) for playback control such as fastforwarding, rewinding, 
data search, and the like. Also, this standard supports ISO9660 and UDF Bridge format to allow a computer to read 
data. 

[0006] An optical disc currently used as a DVD video (DVD-ROM) disc is a single-sided, single-layered 12-cm disc, 
which has a storage size of around 4.7 GB (gigabytes). A single-sided, double-layered disc has a storage size of around 
9.5 GB, and a double-sided, double-layered disc allows large size recording of around 18 GB (when a laser having a 
wavelength of 650 nm is used to read). 

[0007] On the other hand, an optical disc currently used as a DVD-RW (DVD-RAM) disc is a 1 2-cm disc, which has 
a storage size of around 2.6 GB (gigabytes) in case of a single-sided disc, and a storage size of 5.2 GB in case of a 
double-sided disc. Currently available DVD-RAM optical discs have a smaller storage size than DVD-ROM discs of 
equivalent size. However, technical developments for increasing the DVD-RAM disc storage size are being incessantly 
made, and DVD-RAM discs having a storage size of 4.7 GB or more per side will definitely become commercially avail- 
able in the near future. 

[0008] In the DVD video standard, a video manager menu (VMG menu) and video title set menu (VTS menu) are 
prepared as disc search menu pictures for contents providers (companies that produce contents, i.e., titles recorded on 
DVD discs). 

[0009] A DVD video disc records video data (main picture) including video (moving picture) data as principal part 
of the recorded contents, and sub-picture data including auxiliary information such as superimposed dialogs and the 
like. The VMG menu or VTS menu is formed by some video data (still picture or short movie), and buttons (visual mark- 
ers used by the user to select a selection item in the menu) using sub-picture data. 

[0010] In this menu, a menu background and menu selection items are displayed by a still picture of main picture 
data, and a specific portion of sub-picture data is emphasized and displayed in a predetermined color, so that the user 
can visually recognize a specific menu selection item. The emphasized display portion using the sub-picture data 
serves as a button. The user can select a desired selection item using the button. 

[0011] An example of a menu in DVD video will be explained below. Assume a menu for a single movie title divided 
into five chapters. In this case, five mini pictures obtained by reducing still pictures of starting portions of the respective 
chapters are output onto a single menu screen. A button is formed by a frame that Tnnges one of the five mini screens 
in a specific color (e.g., green). This green button frame can move on the menu by operating cursor keys of a remote 
controller of a DVD video player. 

[0012] When the user wants to play back the movie from chapter 3, he or she moves the green button frame to a 
position where the frame surrounds the mini picture of chapter 3 by operating cursors. When the user then presses an 
enter button on the remote controller, the color of the button frame that surrounds the mini picture of chapter 3 changes 
from green to another color (e.g., red), and the user can confirm that selection of chapter 3 has been settled. At the 
same time, the DVD player searches for the recorded position of chapter 3, and starts video playback from chapter 3. 
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[0013] The aforementioned chapter search can be implemented by the visual menu that uses the main picture 
background and sub-picture button. That is, when a plurality of dedicated menu pictures (mini pictures described above) 
obtained by adding a sub-picture button to normal video data are prepared, the user can play back the scene of the 
selected chapter by selecting the button. 

5 

(Problem) 

[0014] However, a title creator must create ail the dedicated menu pictures by himself or herself. In order to spe- 
cially create such menu pictures (background picture, selection item pictures corresponding to the mini pictures), elab- 

w orate edit processes are required. However, it is difficult for the users of home-use DVD video recorders to perform such 
elaborate edit processes (which are complicated and troublesome, and are too much for elder or underage users). 
[001 5] In case of read-only DVD video, since the number of recorded titles remains the same, a menu need not be rj t (, / u . ^ f 

changed once it is created. However, when the number of recorded titles increases/decreases like in a DVD video r /)[/J),/2of] 
recorder (DVD-RAM or DVD-RW) that can erase and rewrite data more than once, every time the number of titles ^, ItA^t 

75 changes, the entire menu screen must often be re-created. Such menu re-creation (or modification of the already ere- c ^ g ' * 
ated menu) is also troublesome for general users. 

(Object) 

20 [0016] It is an object of the present invention to provide a digital information recording/playback system which 
allows the user to create a menu corresponding to the recorded contents, and an information recording medium used 
in this system. 

Disclosure of Invention 

25 

[0017] In order to achieve the above object, a digital information recording/playback system of the present invention 
uses at least thumbnail picture control information as control information upon recording/playing back video data and 
the control information. At this time, the thumbnail picture control information includes information for generating a 
thumbnail picture generated based on contents of the video data, and information for using the generated thumbnail 

30 picture in a menu corresponding to the contents of the video data. 

[0018] Also, in order to achieve the above object, a digital information recording medium of the present invention, 
which records video data and control information, includes at least thumbnail picture control information as the control 
information; and the thumbnail picture information includes information for generating a thumbnail picture generated 
based on contents of the video data, and information for using the generated thumbnail picture in a menu correspond- 

35 ing to the contents of the video data. 

Brief Description of Drawings 
[0019] 

40 

FIG. 1 is a view for explaining the structure of a recordable/reproducible optical disc (DVD-RAM/DVD-RW or DVD- 
R disc), and the correspondence between data recorded on a data recording area and recording tracks; 
FIG. 2 is a view for explaining an example of the hierarchical structure of information recorded on the optical disc 
shown in FIG. 1; 

45 FIG. 3 is a view for explaining the information hierarchical structure shown in FIG. 2 in more detail; 

FIG. 4 is a view that exemplifies an example of the correspondence between the cell configuration of a video object 
and program chain PGC in the information hierarchical structure shown in FIG. 2; 

FIG. 5 is a view for explaining another example of the hierarchical structure of information recorded on the optical 
disc shown in FIG. 1; 

so FIG. 6 is a view for explaining the logical structure of information (lead-in area) recorded on the optical disc shown 
in FIG. 1; 

FIG. 7 is a table for explaining an example of the contents of control data recorded on the lead-in area shown in 
FIG. 6; 

FIG. 8 is a table for explaining an example of the contents of physical format information included in the control data 
55 shown in FIG. 7; 

FIG. 9 is a view for explaining an example of the directory structure of information (data files) recorded on the opti- 
cal disc shown in FIG. 1 ; 

FIG. 1 0 is a table for explaining an example of a directory record corresponding to the directory structure shown in 
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FIG. 9; 

FIG. 1 1 is a view showing an example of the hierarchical structure of information included in video object set VOBS 
shown in FIG. 5; 

FIG. 12 is a view for explaining an example of the contents of a lowermost layer pack in the hierarchical structure 
shown in FIG. 1 1 (note that navigation packs are deleted when the present invention is applied to the structure 
shown in FIG. 4); 

FIG. 13 is a view for explaining another example of the contents of a lowermost layer pack in the hierarchical struc- 
ture shown in FIG. 1 1 (note that navigation packs are deleted when the present invention is applied to the structure 
shown in FIG. 4); 

FIG. 14 is a viewfor explaining the contents of a dummy pack shown in FIG. 12; 

FIG. 15 is a viewfor explaining the contents of video manager information VMGI shown in FIG. 5; 

FIG. 1 6 is a table for explaining the contents of title search pointer table TT_SRPT shown in FIG. 15; 

FIG. 1 7 is a view for explaining the contents of video title set information VTSI shown in FIG. 5; 

FIG. 1 8 is a table for explaining the contents of playback management table PLY_MAT shown in FIG. 3; 

FIG. 19 is a table for explaining the contents of recording management table REC_MAT shown in FIG. 3; 

FIG. 20 is a table for explaining the contents of PGC management information PGC_MAI shown in FIG. 3; 

FIG. 21 is a table for explaining the contents of PGC Information PGCI shown in FIG. 3; 

FIG. 22 is a table for explaining the contents of PGC general information PGC_GI shown in FIG. 21; 

FIG. 23 is a table for explaining the contents of cell playback information CELL_PLY_INF shown in FIG. 21; 

FIG. 24 is a view for explaining the contents of video title set program chain information table VTSI_PGCIT shown 

in FIG. 17; 

FIG. 25 is a table for explaining the contents of program chain general information PGC_GI shown in FIG. 24; 
FIG. 26 is a view for explaining a playback process of cell data recorded on the disc shown in FIG. 1 ; 
FIG. 27 is a table for explaining an example of the relationship between cells that form playback data shown in FIG. 
26 and program chain information; 

FIG. 28 is a view for explaining the first example of a method of determining a divide point of video contents 
recorded on the disc shown in FIG. 1 ; 

FIG. 29 is a view for explaining the second example of a method of determining a divide point of video contents 
recorded on the disc shown in FIG. 1 ; 

FIG. 30 is a view for explaining the third example of a method of determining a divide point of video contents 
recorded on the disc shown in FIG. 1 ; 

FIG. 31 is a view for explaining the fourth example of a method of determining a divide point of video contents 
recorded on the disc shown in FIG. 1 ; 

FIG. 32 is a view for explaining the fifth example of a method of determining a divide point of video contents 
recorded on the disc shown in FIG. 1 ; 

FIG. 33 is a viewfor explaining an example of the structure of a video pack of a portion to be played back as a still 
picture in the video contents recorded on the disc shown in FIG. 1 (when a sequence end code is appended to an 
elementary); 

FIG. 34 is a view for explaining another example of a video pack of a portion to be played back as a still picture in 
the video contents recorded on the disc shown in FIG. 1 (when a sequence end code is appended as packet data); 
FIG. 35 is a view for explaining still another example of a video pack of a portion to be played back as a still picture 
in the video contents recorded on the disc shown in FIG. 1 (when a sequence end code is appended as packet 
data); 

FIG. 36 is a view for explaining the concept of an example of the file structure of a menu created by the user of the 
video contents recorded on the disc shown in FIG. 1; 

FIG. 37 is a table (part 1) for explaining a practical example of the file structure of a menu created by the user of 
the video contents recorded on the disc shown in FIG. 1 ; 

FIG. 38 is a table (part 2) for explaining a practical example of the file structure of a menu created by the user of 
the video contents recorded on the disc shown in FIG. 1; 

FIG. 39 is a block diagram for explaining the arrangement of an apparatus (DVD video recorder) for recording/play- 
ing back digital moving picture information on/from the disc shown in FIG. 1 at variable recording rates using infor- 
mation with the structure described with reference to FIG. 5; 

FIG. 40 is a block diagram for explaining an example of an apparatus (DVD video recorder) which records/plays 
back digital moving picture information on the disc shown in FIG. 1 using information with the structure described 
with reference to FIGS. 2 to 4, and has a function of creating a user menu; 

FIG. 41 is a block diagram for explaining another example of an apparatus (DVD video recorder) which 
records/plays back digital moving picture information on the disc shown in FIG. 1 using information with the struc- 
ture described with reference to FIGS. 2 to 4, and has a function of creating a user menu; 
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FIG. 42 is a view showing an example of a front panel of the apparatus main body of the DVD video recorder shown 
in FIGS. 39 to 41; 

FIG. 43 is a view showing an example of a remote controller used to operate the DVD video recorder shown in 
FIGS. 39 to 41; 

5 FIG. 44 is a block diagram for explaining a circuit (without transfer clocks) for detecting the number of recorded 

bytes recorded on the disc shown in FIG. 1 by counting the number of recorded bytes in the DVD video recorder 
shown in FIGS. 39 to 41; 

FIG. 45 is a timing chart for explaining the count timing of the recorded byte by a counter shown in FIG. 44; 
FIG. 46 is a block diagram for explaining another circuit (with transfer clocks) for detecting the number of recorded 
io bytes recorded on the disc shown in FIG. 1 by counting the number of recorded bytes in the DVD video recorder 
shown in FIGS. 39 to 41; 

FIG. 47 is a timing chart for explaining the count timing of the recorded byte by a counter shown in FIG. 46; 
FIG. 48 is a block diagram for explaining a case wherein the recording/playback function of the DVD video recorder 
shown in FIGS. 39 to 41 is implemented using a versatile personal computer; 
75 FIG. 49 is a flow chart for explaining an example of the video recording operation of the DVD video recorder shown 
in FIGS. 39 to 41; 

FIG. 50 is a flow chart for explaining a processing sequence of various interrupt processes executed during the 
video recording operation shown in FIG. 49; 

FIG. 51 is a flow chart for explaining a process for monitoring the remaining recordable size on the disc which is to 
20 undergo recording; 

FIG. 52 is a flow chart for explaining an example of a small remaining size process executed in accordance with the 
result (contents of a minimum size flag) of the remaining size monitoring process shown in FIG. 51; 
FIG. 53 is a flow chart for explaining another example of a small remaining size process executed in accordance 
with the result (contents of a minimum size flag) of the remaining size monitoring process shown in FIG. 51 ; 
25 FIG. 54 is a flow chart for explaining an example of the playback operation of the DVD video recorder shown in 
FIGS. 39to41; 

FIG. 55 is a flow chart for explaining update setups of an archive flag and played-back flag after playback is com- 
plete in the sequence shown in FIG. 54; 

FIG. 56 is a flow chart for explaining the contents of the process ST31 8 upon cell playback shown in FIG. 54; 
30 FIG. 57 is a view showing a display example of a warning message/an average recording rate, the remaining 
recordable time at that rate, and the like displayed when the remaining size of the disc in recording becomes small; 
FIG. 58 is a flow chart for explaining another example of the playback operation of the DVD video recorder shown 
in FIGS. 39 to 41; 

FIG. 59 is a flow chart for explaining the contents of the process ST71 0 upon cell playback shown in FIG. 58; 
35 FIG. 60 is a flow chart (part 1) for explaining an example of a process for editing a user menu in the apparatus 
shown in FIG. 40 or 41; 

FIG. 61 is a flow chart (part 2) for explaining an example of a process for editing a user menu in the apparatus 
shown in FIG. 40 or 41; 

FIG. 62 is a flow chart for explaining an example of a process for automatically creating a user menu file in the 
40 apparatus shown in FIG. 40 or 41; 

FIG. 63 is a flow chart (part 1) for explaining an example of a process for searching a user menu in the apparatus 
shown in FIG. 40 or 41; 

FIG. 64 is a flow chart (part 2) for explaining an example of a process for searching a user menu in the apparatus 
shown in FIG. 40 or 41; 

45 FIG. 65 is a flow chart (part 1) for explaining an example of a process for playing back a user menu in the apparatus 
shown in FIG. 40 or 41; 

FIG. 66 is a flow chart (part 2) for explaining an example of a process for playing back a user menu in the apparatus 
shown in FIG. 40 or 41 ; 

FIG. 67 is a flow chart (part 3) for explaining an example of a process for playing back a user menu in the apparatus 
so shown in FIG. 40 or 41 ; 

FIG. 68 is a view for explaining an example of operation for selecting a background picture and frame picture of a 
user menu (chapter menu) in the apparatus shown in FIG. 40 or 41 ; 

FIG. 69 is a view for explaining an example of a user menu formed by thumbnail pictures (A to E) corresponding to 
recorded contents; 

55 FIG. 70 is a view for explaining the relationship between chapters (corresponding to PGC1 to PGC5) in a specific 
video-recorded title (A) in FIG. 69, and chapter menus (A, a1 to a4) formed by their thumbnail pictures; 
FIG. 71 is a view for explaining an example of edit operation of a user menu (chapter menu); and 
FIG. 72 is a view showing an example (without navigation packs) of the hierarchical structure of information 
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included in video object set VOBS shown in FIG. 4. 
Best Mode for Carrying Out the Invention 

[0020] A digital information recording/playback system according to an embodiment of the present invention will be 
explained hereinafter with reference to the accompanying drawings. 

[0021] As a typical embodiment of a digital information recording/playback system according to the present inven- 
tion, an apparatus which records/plays back moving picture data encoded based on MPEG2, e.g., a DVD video 
recorder, is known. (A practical example of this DVD digital video recorder will be explained later.) 
[0022] FIG. 1 is a perspective view for explaining the structure of recordable optical disc 1 0 used in the DVD digital 
video recorder. 

[0023] As shown in FIG. 1 , optical disc 1 0 has a structure obtained by adhering a pair of transparent substrates 1 4 
each having recording layer 17 using adhesive layer 20. Each substrate 14 can be formed of a 0.6-mm thick polycar- 
bonate film, and adhesive layer 20 can consist of a very thin (e.g., 40 ujti to 70 |im thick) ultraviolet setting resin. When 
these pair of 0.6-mm thick substrates 1 4 are adhered to each other so that their recording layers 1 7 contact each other 
on the surfaces of adhesive layer 20, a 1.2-mm thick large-size optical disc 10 is obtained. 

[0024] Optical disc 1 0 has center hole 22, and clamp areas 24 used to clamp optical disc 1 0 upon its rotation are 
formed around center hole 22 on the two surfaces of the disc. Center hole 22 receives the spindle of a disc motor when 
disc 10 is loaded into a disc drive device (not shown). Optical disc 1 0 is clamped at its clamp areas 24 by a disc clamper 
(not shown) during disc rotation. 

[0025] Optical disc 10 has information areas 25 that can record information such as video data, audio data, and the 
like around clamp areas 24. 

[0026] In each information area 25, lead-out area 26 is assured on the outer periphery side. Also, lead-in area 27 
is assured on the inner periphery side of area 25 that contacts clamp area 24. The area between lead-out and lead-in 
areas 26 and 27 is defined as data recording area 28. 

[0027] On recording layer (light reflection layer) 17 of information area 25, a recording track is continuously formed 
in, e.g., a spiral pattern. The continuous track is divided into a plurality of physical sectors, which have serial numbers. 
Various data are recorded on optical disc 10 using those sectors as recording units. 

[0028] Data recording area 28 serves as an actual data recording area, and records video data (main picture data) 
such as a movie or the like, sub-picture data such as superimposed dialogs, menus, and the like, and audio data such 
as words, effect sounds, and the like as recording/playback information in the form of similar pit trains (physical shapes 
or phase states that bring about optical change in laser reflected light). 

[0029] When optical disc 10 is a double-sided recording RAM disc in which each surface has one recording layer, 
each recording layer 17 can be formed by three layers, i.e., by sandwiching a phase-change recording material layer 
(e.g., Ge2Sb 2 Te 5 ) between two zinc sulfide • silicon oxide (ZnS • Si0 2 ) mixture layers. 

[0030] When optical disc 10 is a single-sided recording RAM disc in which each surface has one recording layer, 
recording layer 1 7 on the side of read-out face 1 9 can be formed by three layers including the aforementioned phase- 
change recording material layer. In this case, layer 17 on the side opposite to read-outface 19 need not be an informa- 
tion recording layer but may merely be a dummy layer. 

[0031] When optical disc 1 0 is a single-sided read type double-layered RAM/ROM disc, two recording layers 1 7 can 
comprise a single phase-change recording layer (on the side farther from read-out face 19; read/write), and a single 
semi-transparent metal reflection layer (on the side closer to read-outface 19; read-only). 

[0032] When optical disc 10 is a write-once DVD-R, a polycarbonate substrate is used, gold can be used as a 
reflection layer (not shown), and an ultraviolet setting resin can be used as a protection layer (not shown). In this case, 
an organic dye is used in recording layer 1 7. As the organic dyes, cyanine, squarilium, chroconic, and triphenylmen- 
thane dyes, xanthene and quinone dyes (naphthoquinone, anthraquinone, and the like), metal complex dyes (phthalo- 
cyanine, porphyrin, dithiol complex, and the like), and so forth can be used. 

[0033] Data can be written on such DVD-R disc using a semiconductor laser having a wavelength of 650 nm and 
an output of around 6 to 12 mW. 

[0034] When optical disc 1 0 is a single-sided read type double-layered ROM disc, two recording layers 1 7 can com- 
prise a single metal reflection layer (on the side farther from read-out face 1 9), and a single semi-transparent metal 
reflection layer (on the side closer to read-outface 19). 

[0035] On read-only DVD-ROM disc 1 0, pit trains are formed in advance on substrate 14 by a stamper, a reflection 
layer of a metal or the like is formed on the surface of substrate 14 on which the pit trains are formed, and the reflection 
layer is used as recording layer 1 7. On such DVD-ROM disc 1 0, grooves as recording tracks are not particularly formed, 
and the pit trains formed on the surface of substrate 1 4 serve as tracks. 

[0036] In various types of optical discs 10 described above, read-only ROM information is recorded on recording 
layer 1 7 as an embossed pattern signal. By contrast, no such embossed pattern signal is formed on substrate 1 4 having 
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read/write (or write-once) recording layer 17, and a continuous groove is formed instead. A phase-change recording 
layer is formed on such groove. In case of a read/write DVD-RAM disc, the phase-change recording layer in land por- 
tions is also used for information recording in addition to the groove. 

[0037] When optical disc 10 is of single-sided read type (independently of one or two recording layers), substrate 
5 1 4 on the rear side viewed from read-out face 1 9 need not always be transparent to the read/write laser beam used. In 
this case, a label may be printed on the entire surface of substrate 14 on the rear side. 

[0038] A DVD digital video recorder (to be described later) can be designed to attain write many/read many 
(read/write) for a DVD-RAM disc (or DVD-RW disc), write once/read many for a DVD-R disc, and read many for a DVD- 
ROM disc. 

10 [0039] FIG. 1 also exemplifies the correspondence between data recording area 28 of optical disc (DVD-RAM) 10 
and recording tracks of data recorded there. 

[0040] When disc 1 0 is a DVD-RAM (or DVD-RW), disc 10 itself is stored in cartridge 1 1 to protect its delicate disc 
surface. When DVD-RAM disc 1 0 in cartridge 1 1 is inserted into the disc drive of a DVD video recorder (to be described 
later), disc 1 0 is pulled out from cartridge 11, is clamped by the turntable of a spindle motor (not shown), and is rotated 
is to face an optical head (not shown). 

[0041] On the other hand, when disc 10 is a DVD-R or DVD-ROM, disc 10 itself is not stored in cartridge 1 1 , and 
bare disc 1 0 is directly set on the disc tray of a disc drive. 

[0042] Recording layer 1 7 of information area 25 is formed with a continuous data recording track in a spiral pattern. 
The continuous track is segmented into a plurality of logical sectors (minimum recording units) each having a given stor- 
20 age size, and data are recorded with reference to these logical sectors. The recording size per logical sector is deter- 
mined to be 2,048 bytes (or 2 kbytes) which are equal to one pack data length (to be described later). 
[0043] Data recording area 28 is an actual data recording area, which similarly records management data, main 
picture (video) data, sub-picture data, and/or audio data. 

[0044] Note that data recording area 28 of disc 10 can be segmented into a plurality of ring-shaped (annular) 
25 recording areas (a plurality of recording zones), although not shown. The disc rotational velocity varies in units of 
recording zones. However, within each zone, a constant linear or angular velocity can be set. In this case, an auxiliary 
recording area (free space) can be provided for each zone. These free spaces in units of zones may collectively form a 
reserve area for that disc 1 0. 

[0045] FIG. 2 is a view for explaining an example of the hierarchical structure of information recorded on optical disc 
30 1 0 (DVD-RAM or DVD-RW disc) shown in FIG. 1, 

[0046] Lead-in area 27 includes an embossed data zone whose light reflection surface has an embossed pattern, 

a mirror zone whose surface is flat (mirror surface), and a rewritable data zone capable of information rewrites. 

[0047] Data recording area (volume space) 28 is comprised of volume/file management information 70 and data 

area DA, which can be rewritten by the user. Data area DA records computer data, video data, audio data, and the like. 
35 Volume/file management information 70 records file information of audio/video data recorded on data area DA, and 

information that pertains to the entire volume. 

[0048] Lead-out area 26 is also capable of information rewrites. 

[0049] The embossed data zone of lead-in area 27 records, for example, in advance: 

40 (1) information which pertains to the entire information storage medium: the disc type (a DVD-ROM, DVD-RAM (or 
DVD-RW), DVD-R, or the like); disc size (12 cm, 8 cm, or the like); recording density; physical sector numbers indi- 
cating the recording start/end positions, and the like; 

(2) information which pertains to the recording/playback/erasure characteristics: the recording power and recording 
pulse width; erase power; playback power; linear velocity upon recording and erasure, and the like; and 
45 (3) information which pertains to the manufacture of each information storage medium: the manufacturing number 
and the like. The rewritable zone of each of lead-in area 27 and lead-out area 26, for example, includes: 

(4) a field for recording a unique disc name of each information recording medium; 

(5) a test recording field (for confirming recording/erasure conditions); and 

(6) a field for recording management information that pertains to defective fields in data area DA. 

50 

[0050] On fields (4) to (6), a DVD recording apparatus (a DVD video recorder or the like) can record information. 
[0051] Data area DA can record audio/video data DA2 and computer data DA1 and DA3 together. 
[0052] Note that the recording order, recording information size, and the like of computer data and audio/video data 
are arbitrary. Data area DA can record computer data or audioArideo data alone. 
55 [0053] Audio/video data area DA2 includes control information DA21 , video object DA22, picture object DA23, and 
audio object DA24. 

[0054] Control information DA21 can include control information required upon executing various processes such 
as recording (video recording and/or audio recording), playback, edit, search, and the like. 
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[0055] Video object DA22 can include information of the contents of recorded video data 

[0056] Picture object DA23 can include still picture information such as still pictures, slide pictures, and the like. 

[0057] Audio object DA24 can include information of the contents of recorded audio data. 

[0058] Note that recording information of the playback target (contents) of audioA/ideo data is included in video 
object set VOBS (to be described later). 

[0059] Control information DA21 includes playback control information DA211, recording control information 

DA212, edit control information DA213, and thumbnail picture control information DA214. 

[0060] Playback control information DA21 1 includes control information required upon playback. 

[0061] Recording control information DA212 includes control information required upon recording (video recording 

and/or audio recording). 

[0062] Edit control information DA213 includes control information required upon edit. 

[0063] Thumbnail picture control information DA214 includes management information that pertains to thumbnail 
pictures used to search for a scene that the user wants to see in video data or those to be edited, and thumbnail picture 
data (corresponding to DA2143). 

[0064] Thumbnail picture control information DA214 can include anchor pointer DA2141, picture address table 
DA2142, and thumbnail picture data DA2143. (Anchor pointer DA2141 will be explained later.) 

[0065] Thumbnail picture control information DA214 can also include, as lower-layer information of picture address 
table DA2142 and thumbnail picture data 2143, menu index information INF01, index picture information INF02, slide 
& still picture information INF03, information picture information INF04, defective area information INF05, and wallpa- 
per picture information INF06. 

[0066] FIG. 3 is a view for explaining the information hierarchical structure in FIG. 2 in more detail. FIG. 3 exempli- 
fies the configuration of playback control information DA21 1 . 

[0067] That is, playback control information DA21 1 comprises playback management table PLY_MAT and program 
chain management table PGCIT. (Details of playback management table PLY_MAT will be described later.) 
[0068] Program chain management table PGCIT includes program chain management intonation PGC_M Al (to be 
described in detail later), program chain search pointer table PGC_SRPT consisting of one or more program chain 
information search pointers PGCI_SRP#1 to PGCI_SRP#n, and one or more pieces of program chain information 
PGCI#1 to PGCI#n (to be described in detail later). Each PGCI search pointer has a 4-byte size, and points to the start 
address of each program chain information PGCI. 

[0069] Note that PGC designates the cell playback order, and indicates a unit for implementing playback of a series 
of cells. Each cell indicates a playback period that designates playback data by its start and end addresses. The play- 
back order of contents of audio/video data area DA2 is determined by program chain PGC and cells. 
[0070] Note that recording control information DA212 comprises recording management table REC_MAT (to be 
described in detail later). 

[0071] FIG. 4 exemplifies the correspondence between the cell configuration of a video object and program chain 
PGC in the information hierarchical structure shown in FIG. 2. This information hierarchical structure does not handle 
an information unit "video title set VTS" unlike a case (in case of a DVD video ROM) to be described later with reference 
to FIG. 5. On the other hand, the functions of video manager information VMGI and video title set information VTSI are 
combined into control information DA21. 

[0072] In the information hierarchical structure shown in FIG. 4, video object DA22 is comprised of video object set 
VOBS. This VOBS has contents corresponding to one or more program chains PGC#1 to PGC#k which respectively 
designate the cell playback order in different methods. 

[0073] FIG. 5 is a view for explaining the hierarchical structure of information recorded on optical disc (e.g., DVD-R 
disc) 10 shown in FIG. 1. 

[0074] Data recording area 28 formed on optical disc 1 0 shown in FIG. 1 can have a structure shown in FIG. 5. The 
logical format of this structure is defined to comply with the ISO9660 and Universal Disc Format (UDF) Bridge as one 
of standard formats. 

[0075] Data recording area 28 from lead-in area 27 to lead-out area 26 is assigned as a volume space. Volume 
space 28 can include space (volume/file management information) 70 for information of the volume and file structures, 
and rewritable data area DA consisting of a space for audio/video applications (audio/video data), and a space for other 
applications (computer data). 

[0076] Volume space 28 is physically segmented into a large number of sectors, which have serial numbers. The 
logical addresses of data recorded on this volume space (data recording area) 28 mean logical sector numbers, as 
specified by the ISO9660 and UDF Bridge. The logical sector size in this space is 2,048 bytes (2 kbytes) as in the effec- 
tive data size of the physical sector. The logical sector numbers are assigned serial numbers in ascending order of 
physical sector number. 

[0077] That is, volume space 28 has a hierarchical structure, and includes volume/file management information 70, 
computer data area DA1, audio/video data area DA2, and computer data area DA3. These data areas are split up on 
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the boundaries of logical sectors. Note that one logical sector is defined to be 2,048 bytes, and one logical block is also 
defined to be 2,048 bytes. Hence, one logical sector is defined equivalent^ with one logical block. Note that each phys- 
ical sector is appended with error correction information and the like unlike logical sectors. For this reason, the physical 
sector size does not strictly match the logical sector size. 
5 [0078] Volume/file management information 70 corresponds to a management area defined by the UDF Bridge. 
Based on the description of this area 70, the contents of video manager VMG are stored in an internal system memory 
(not shown) of the DVD video recorder (to be described later). 

[0079] In a layer below audio/video data area DA2, control information, video object, picture object, and audio 
object shown in FIG. 2 are allocated. The control intonation and video object respectively correspond to video manager 
10 VMG file 74A, and a file including one or more video title sets VTS#1 to VTS#n 72. 

[0080] In FIG. 5, video manager VMG consists of a plurality of files 74A. Each file 74A describes information (video 
manager information VMGI 75, video object set VMGM_VOBS for a video manager menu, video manager information 
backup file VMGI.BUP) for managing video title sets (VTS#1 to VTS#n) 72. 

[0081] Each video title set VTS 72 stores video data compressed based on the MPEG standard (a video pack to 
15 be described later), audio data compressed based on a predetermined standard or non-compressed audio data (an 
audio pack to be described later), and sub-picture data (a sub-picture pack to be described later; including bitmap data, 
one pixel of which is defined by a plurality of bits), and information for playing back these data (a navigation pack to be 
described later; including presentation control information PCI and data search information DSI). 
[0082] Note that an embodiment that does not use any navigation pack is available, and will be explained later with 
20 reference to FIG. 72. 

[0083] Video title set VTS 72 also consists of a plurality of files 74B as in video manager VMG. This file 74B 
includes video title set information VTSI 94, object set VTSM_VOBS for a video title set menu, video object set 
VTSTT_VOBS for a video title set title, and backup VTSLBUP of video title set information. 

[0084] In this case, the number of video title sets VTS ( VTS#1 to VTS#n) 72 is limited to a maximum of 99, and the 
25 number of files 74B that form each video title set VTS 72 is determined to be a maximum of 12. These files 74A and 
74B are similarly split up at the boundaries of the logical sectors. 

[0085] Control information in a lower layer of audioMdeo data area DA2 corresponds to video manager information 
VMGI 75 and video title set information VTSI 94 in terms of its function. 

[0086] As will be described later, video object set VTSTT_VOBS for a video title set title defines a set of one or more 
30 video objects VOB. Each VOB defines a set of one or more cells. A set of one or more cells forms program chain PGC. 
[0087] Assuming that one PGC corresponds to one drama, a plurality of cells that make up this PGC can be taken 
to correspond to various scenes in that drama. The contents of PGC (or contents of a cell) are determined by a software 
provider (or a software producer including the apparatus user) who produces the contents to be recorded on disc 10. 
[0088] FIG. 6 is a view for explaining information recorded on lead-in area 27 of optical disc 1 0. When disc 1 0 is set 
35 in a DVD video recorder to be described later (or a DV video player; not shown), information in lead-in area 27 is read 
first. Lead-in area 27 records a predetermined reference code and control data in ascending order of sector number. 
[0089] The reference code in lead-in area 27 consists of two error correction code blocks (ECC blocks). Each ECC 
block has 16 sectors. These two ECC blocks (32 sectors) are generated by appending scramble data. Upon playing 
back the reference code appended with the scramble data, filter operation or the like on the playback side is done to 
40 play back a specific data symbol (e.g., 1 72) to assure precision in subsequent data reads. 

[0090] Control data in lead-in area 27 is made up of 192 ECC blocks. In this control data field, the contents for 16 
sectors in the respective blocks are repetitively recorded 1 92 times. 

[0091] FIG. 7 shows the contents of control data in lead-in area 27. This control data consisting of 1 6 sectors con- 
tains physical format information in the first sector (2,048 bytes), and disc manufacturing information and contents pro- 
45 vider information in the subsequent sectors. 

[0092] FIG. 8 shows the contents of 2,048-byte physical format information contained in the control data shown in 
FIG. 7. 

[0093] That is, the first byte position "0" describes the version of the DVD standard which the recording information 
complies with. 

so [0094] The second byte position "1" describes the size (12 cm, 8 cm, or the like) of the recording medium (optical 
disc 10) and minimum read rate. In case of read-only DVD video, 2.52 Mbps, 5.04 Mbps, and 10.08 Mbps are specified 
as minimum read rates, and other minimum read rates are reserved. For example, when video recording is done at an 
average bit rate of 2 Mbps by a DVD video recorder capable of variable bit-rate recording, the minimum read rate can 
be set at 1 .5 to 1 .8 Mbps using the reserved field. 

55 [0095] The third byte position "2" describes the disc structure (the number of recording layers, track pitch, type of 
recording layer, and the like) of the recording medium (optical disc 1 0). Based on the type of recording layer, it can be 
identified if that disc 10 is a DVD-ROM, DVD-R, or DVD-RAM (DVD-RW). 

[0096] The fourth byte position "3" describes the recording density (linear density and track density) of the record- 
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ing medium (optical disc 1 0). The linear density indicates the recording length per bit (0.267 urn/bit, 0.293 jim/bit, or the 
like). The track density indicates the spacing between neighboring tracks (0.74 jim/track, 0.80 jim/track, or the like). The 
fourth byte position "3* includes a reserved field to designate other numerical values as linear and track densities for a 
DVD-RAM or DVD-R. 

[0097] The fifth byte position "4 to 15" describes the start and end sector numbers and the like of data area 28 of 
the recording medium (optical disc 10). 

[0098] The sixth byte position "1 6" describes a burst cutting area (BCA) descriptor. This BCA applies to only a DVD- 
ROM disc as an option, and is an area for storing recording information after completion of the disc manufacturing proc- 
ess. 

[0099] The seventh byte position "17 to 20" describes a free space of the recording medium (optical disc 10). For 
example, when disc 10 is a single-sided, single-layered recording DVD-RAM disc, information indicating 2.6 GB (or the 
number of sectors corresponding to this number of bytes) is described at this location of disc 1 0. When disc 10 is a dou- 
ble-sided recording DVD-RAM disc, information indicating 5.2 GB (or the number of sectors corresponding to this 
number of bytes) is described at that location. 

[0100] The eighth byte position "21 to 31 " and the ninth byte position "32 to 2047" are reserved for future use. 
[0101] FIG. 9 exemplifies the directory structure of information (data files) recorded on optical disc 10. When the 
hierarchical structure shown in FIG. 5 is adopted, the subdirectory of video title set VTS and that of audio title set ATS 
are linked under the root directory as in the hierarchical file structure adopted by a versatile operating system of a com- 
puter. Various video files (files VMGI, VMGM, VTSI, VTSM, VTS, and the like) are contained in the subdirectory of VTS 
and managed systematically. A specific file (e.g., specific VTS) can be accessed by designating the path from the root 
directory to that file. 

[0102] On the other hand, when the hierarchical structure shown in FIGS. 2 to 4 is adopted, the subdirectory of 
audio/video data replaces that of video title set VTS. 

[0103] The subdirectory of audio/video data stores (a) a file of control information DA21 in place of files of video 
manager information VMGI, video title set information VTSI, video manager menu data VMGM, and video title set menu 
data VTSM, and (b) files of video object DA22, picture object DA2, and audio object DA24 in place of video data VTS. 
[01 04] A specific file (e.g. , specific control information) can be accessed by designating the path from the root direc- 
tory to that file. 

[0105] DVD- RAM (DVD-RW) disc 1 0 or DVD-R disc 1 0 shown in FIG. 1 may be pre-formatted to have the directory 
structure shown in FIG. 9, and pre-formatted discs 10 may be put on the market as unused discs (raw discs) for DVD 
video recording. 

[0106] For example, the root directory of pre-formatted raw disc 10 can include a subdirectory named "video title 
set" or "audio/video data". This subdirectory can also include a menu data file (VMGM, VTSM, thumbnail picture control 
information DA214, or the like) for storing predetermined menu information. 

[0107] FIG. 10 shows the contents of directory records corresponding to the directory structure shown in FIG. 9. 
The first relative byte position "0" describes the directory record length. 

The second relative byte position "1" describes the record length of an assigned extent attribute. 
The third relative byte position "2" describes the first logical sector number assigned to an extent. 
The fourth relative byte position "10" describes the data length of the file field. 

The fifth relative byte position "18" describes the recording date/time of information in the extent described in the 
directory record. Data at the relative byte position "18" can be used to record the recording date/time of a video- 
recorded program (corresponding to specific VTS or specific audio/video data) in the DVD video recorder. 
The sixth relative byte position "25" describes a file flag indicating the characteristics of files specified in Table 10 
of ISO9660. 

The seventh relative byte position "25" describes the file unit site assigned to the file field. 

The eighth relative byte position "27" describes the interleaved gap size assigned to the file field. 

The ninth relative byte position "28" describes the volume sequence number in the volume set on the extent 

described in the directory record. 

The 10th relative byte position "32" describes the file ID field length of the directory record. 
The 1 1th relative byte position "33" describes the file ID or the directory specified by ISO9660. 

[0108] Next to the file ID, a padding field serving as stuffing when the file ID field has an even-byte length is 
described. 

[0109] Next to the padding field, copyright management information used by the system is described. 
[0110] After the copyright management information, a read flag (or played back flag) indicating whether or not a 
specific recorded file (e.g., VTS_01_1.VOB in FIG. 9) has been read out once (or whether or not that file has been 
played back at least once previously) is described. The read flag for a file which is not yet read out is set at "0". If the 
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file has been read out at least once, the read file of that file is set at "1". 

[01 1 1 ] Next to the read flag, an archive flag (or permanent save flag) indicating whether or not a specific recorded 
file has contents to be saved permanently (or contents that are prevented from being erroneously erased) is described. 
The archive flag for a file which can be erased is set at "0". The archive flag for a file which is to be saved permanently 
5 without being erased is set at "1". 

[0112] FIG. 1 1 shows the hierarchical structure of information contained in video object set VTSTT_VOBS shown 

in FIG. 5. 

[01 13] As shown in FIG. 1 1 , each cell 84 consists of one or more video object units (VOBU) 85. Each video object 
unit 85 is constituted as a set (pack sequence) of video packs (V packs) 88, sub-picture packs (SP packs) 90, and audio 
w packs (A packs) 91 to have navigation pack (NV pack) 86 at the beginning of the sequence. That is, video object unit 
VOBU 85 is defined as a set of all packs recorded from certain navigation pack 86 to a pack immediately before the next 
navigation pack 86. 

[0114] Each of these packs serves as a minimum unit for data transfer. The minimum unit for logical processing is 
a cell, and logical processing is done in units of cells. 
15 [01 1 5] Navigation pack 86 is built in each video object unit VOBU 85 to seamlessly or non-seamlessly change the 
angle to any one of various camera angles of multi-angle video data. 

[0116] The playback time of video object unit VOBU 85 corresponds to that of video data made up of one or more 
picture groups (groups of pictures; to be abbreviated as GOPs), and is set to fall within the range from 0.4 sec to 1.2 
sec. One GOP is screen data which normally has a playback time of about 0.5 sec in the MPEG format, and is com- 

20 pressed to play back approximately 1 5 frame pictures during this interval. 

[0117] When video object unit VOBU 85 includes video data, a video datastream is formed by arranging GOPs 
(complying with MPEG) each consisting of video packs 88, sub-picture packs 90, and audio packs 91 . However, inde- 
pendently of the number of GOPs, video object unit VOBU 85 is defined with reference to the playback time of GOPs, 
and navigation pack 86 is always set at the beginning of unit 85 in the embodiment shown in FIG. 1 1 . 

25 [01 1 8] Even playback data consisting of audio data and/or sub-picture data alone is formed using video object unit 
VOBU 85 as one unit. For example, when video object unit VOBU 85 is formed by audio packs 91 alone to have navi- 
gation pack 86 at its beginning, audio packs 91 to be played back in the playback time of video object unit VOBU 85 to 
which the audio data belong are stored in that video object unit VOBU 85 as in video object VOB 83 of video data. 
[0119] When a DVD video recorder can record video title set VTS containing VOBS 82 with the structure shown in 

30 FIG. 1 1 on optical disc 10, the user often wants to edit the recorded contents after this VTS is recorded. In order to meet 
such requirement dummy packs 89 can be appropriately inserted in each VOBU 85. Each dummy pack 89 can be used 
to record edit data later. 

[0120] As shown in FIG. 1 1 , video object set (VTSTT_VOBS) 82 is defined as a set of one or more video objects 
(VOB) 83. Video objects VOB 83 in video object set VOBS 82 are used for the same purpose. 
35 [0121] VOBS 82 for a menu normally consists of one VOB 83, which stores a plurality of menu screen display data. 
By contrast, VOBS 82 for a title set normally consists of a plurality of VOBs 83. 

[0122] Taking a concert video title of a certain rock band as an example, VOBs 83 that form video object set 
VTSTT_VOBS for a title set correspond to picture data of the performance of that band. In this case, by designating 
given VOB 83, for example, the third tune in the concert of that band can be played back. 
40 [0123] VOB 83 that forms video object set VTSM_VOBS for a menu stores menu data of all the tunes performed in 
the concert of the band, and a specific tune, e.g., an encore, can be played back according to the menu display. 
[0124] Note that one VOB 83 can form one VOBS 82 in a normal video program. In this case, a single video stream 
comes to an end in one VOB 83. 

[0125] On the other hand, in case of a collection of animations having a plurality of stories or an omnibus movie, a 
45 plurality of video streams (a plurality of video chains PGC) can be set in single VOB 82 in correspondence with the 
respective stories. In this case, the individual video streams are stored in corresponding VOBs 83. An audio stream and 
sub-picture stream pertaining to each video stream end in corresponding VOB 83. 

[0126] VOBs 83 are assigned identification numbers (IDN#i; i = 0 to i), and that VOB 83 can be specified by the 
identification number. VOB 83 consists of one or a plurality of cells 84. A normal video stream consists of a plurality of 
so cells, but a video stream for a menu often consists of single cell 84. Cells 84 are assigned identification numbers 
(C JDN#j) like VOBs 83. 

[0127] Note that information included in video object set VOBS in FIG. 4 is that obtained by removing navigation 
packs 86 from the hierarchical structure shown in FIG. 11. 

[0128] FIG. 12 exemplifies a data sequence (pack sequence) in the pack format, which is obtained after data 
55 recorded on the optical disc 10 are read out, and undergo signal demodulation/error correction in a disc drive (not 
shown). This pack sequence includes navigation pack (control pack) 86, video packs 88, dummy packs 89, sub-picture 
packs 90, and audio packs 91 . All these packs consist of data in units of 2 kbytes as in the logical sectors shown in FIG. 
1. 
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[0129] Navigation pack 86 includes pack header 1 10, playback control information/presentation control information 
(PCI) packet 1 1 6, and data search information (DSI) packet 1 1 7. PCI packet 1 16 is made up of packet header 1 1 2 and 
PCI data 113, and DSI packet 1 17 of packet header 114 and DSI data 1 15. PCI packet 1 16 contains control data used 
in non-seamless angle switching, and DSI packet 117 contains control data used in seamless angle switching. 
[0130] Note that the angle switching means changes in angle (camera angle) of watching the object picture. In case 
of a rock concert video title, for example, the user can watch scenes from various angles, e.g., a scene that mainly cap- 
tures a vocalist, a scene that mainly captures a guitarist, a scene that mainly captures a drummer, and the like in a per- 
formance scene of an identical tune (identical event). 

[0131] The angle is switched (changed) when the viewer can select angles in accordance with his or her favor, and 
when an identical scene automatically repeats itself with different angles in the flow of story (if the software pro- 
ducer/provider has programmed the story in such way; or if the user of the DVD video recorder to be described later 
edits in such way). 

[0132] The angles are set in the following cases: temporally discontinuous, non-seamless playback that presents 
an identical scene of different angles (for example, in a scene at the instant when a certain boxer throws a counter- 
punch, the camera angle is changed to another angle to play back a scene in which the counterpunch begins to be 
thrown), and temporally continuous, seamless playback that changes the angle between temporally continuous scenes 
(for example, at the instant when a certain boxer has made a counterpunch, the camera angle is changed to another 
angle to play back a scene in which the other boxer who got the punch is blown off). 

[0133] Video pack 88 is comprised of pack header 881 and video packet 882. Dummy pack 89 is comprised of pack 
header 891 and padding packet 890, and padding packet 890 of packet header 892 and padding data 893. Note that 
padding data 893 stores insignificant data. 

[0134] Sub-picture pack 90 is made up of pack header 901 and sub-picture packet 902. Audio pack 91 is made up 
of pack header 911 and audio packet 912. 

[0135] Note that video packet 882 in FIG. 1 2 contains a packet header (not shown), which records a decoding time 
stamp (DST) and presentation time stamp (PTS). Each of sub-picture packet 902 and audio packet 912 contains a 
packet header (not shown), which records a presentation time stamp (PTS). 

[0136] On the other hand, a pack sequence included in video object set VOBS recorded on DVD-RAM or DVD-RW 
optical disc 10 can be configured not to include any navigation packs 86 in FIG. 12. FIG. 72 shows an example of the 
structure of a pack sequence which does not include any navigation packs. 

[0137] FIG. 1 3 shows another example of the contents of lowermost layer packs in the hierarchical structure shown 
in FIG. 11 (when the present invention is applied to the structure shown in FIGS. 2 to 4, navigation packs 86 are 
removed). 

[0138] The pack configuration shown in FIG. 13 uses two different types of video packs. That is, V1 pack 88A 
including a main picture pack (MPEG2 video) and V2 pack 88B including a search picture pack and the like are pre- 
pared as video packs. V1 pack 88 is assigned stream ID = OxeO . V2 pack 88B is assigned stream ID = 0xe1 in case 
of MPEG2 video. 

[0139] FIG. 1 4 shows the structure for one dummy pack shown in FIG. 1 2. That is, one dummy pack 89 is made up 
of pack header 891 , packet header 892 with a predetermined stream ID, and padding data 893 padded with a prede- 
termined code. (Packet data 892 and padding data 893 form padding packet 890). The contents of padding data 893 in 
a non-used dummy pack have no specific meaning. 

[0140] This dummy pack 89 can be used as needed when the recorded contents are edited after predetermined 
recording is done on disc 1 0 shown in FIG. 1 . Also, dummy pack 89 can be used to store thumbnail picture data (thumb- 
nail data) DA2143 shown in FIG. 2, which is used for a user menu. 

[0141] For example, a case will be examined below wherein the contents of a video tape that recorded a family trip 
using a portable video camera are recorded and edited on DVD-RAM (or DVD-RW) disc 10. 

[0142] In this case, only the video scenes to be stored in a single disc are selectively recorded on disc 10. These 
video scenes are recorded in video pack 88 in FIG. 11 (or V1 pack 88A in FIG. 13). Also, audio data simultaneously 
recorded by the video camera is recorded in audio pack 91 . 

[0143] On the other hand, thumbnail picture data for a menu, which indicate the respective chapters of the video 
scenes recorded on a single disc, can be recorded as needed in V2 pack 88B in FIG. 13. 

[0144] When the data structure shown in FIG. 5 is adopted, each VOBU 85 that includes video pack 88 and the like 
has navigation pack 86 at its beginning (the structure shown in FIGS. 2 to 4 does not have any navigation pack). As 
shown in FIG. 12, this navigation pack 86 contains presentation control information PCI and data search information 
DSI. Using this PCI or DSI, the playback procedure of each VOBU can be controlled (for example, discontinuous scenes 
can be automatically connected or a multiangle scene can be recorded). 

[0145] After the contents of the video tape are edited and recorded on disc 10, when a voice, effect sound, and the 
like are to be postrecorded in each scene in units of VOBUs or background music BGM is added, such postrecorded 
audio data or BGM can be recorded in dummy pack 89. When a comment for the recorded contents is to be added, sub- 
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pictures such as additional characters, figures, and the like can be recorded in dummy pack 89. Furthermore, when an 
additional video picture is to be inserted, the inserted video picture can be recorded in dummy pack 89. 
[01 46] The above-mentioned postrecorded audio data or the like is written in padding data 893 of dummy pack 89 
used as an audio pack. The additional comment is written in padding data 893 of dummy pack 89 used as a sub-picture 
5 pack. Similarly, the inserted video picture is written in padding data 893 of dummy pack 89 used as a video pack. 
[0147] More specifically, dummy pack 89 is a wildcard pack that can become any of audio, sub-picture, and video 
packs depending on its purpose. 

[0148] FIG. 1 5 shows the contents of video manager VMG shown in FIG. 5. This VMG consists of a plurality of files 
74A. Video manager VMG includes video manager information (VMGI) 75, object set (VMGM_VOBS) for a video man- 

70 ager menu, and backup (VMGI_BUP) of video manager information in correspondence with each file. 

[0149] Note that video manager information VMGI and backup VMGLBUP of video manager information are man- 
datory items, and video object set VMGM_VOBS for displaying video manager information menu VMGM is optional. 
[0150] As shown in FIG. 15, video manager information (VMGI) 75 set at the beginning of video manager VMG 
describes a video manager information management table (VMGLMAT; mandatory), title search pointer table 

75 (TT_SRPT; mandatory), video manager menu program chain information unit table (VMGM_PGCI_UT; mandatory 
. when VMGM_VOBS exists), parental management information table (PTL_MAIT; option), video title set attribute table 
(VTS_ATRT; mandatory), text data manager (TXTDTJvlG; option), video manager menu cell address table 
(VMG M_C_ADT; mandatory when VMGM_VOBS exists), and video manager menu video object unit address map 
(VMGM_VOBU_ADMAP; mandatory when VMGM_VOBS exists) in this order. 

20 [0151] Note that the addresses such as an end address (VMGI_MAT_EA) of video manager information manage- 
ment table VMGLMAT, a start address (TT_SRPT_SA) of title search pointer TT_SRPT f and the like are described as 
the relative numbers of logical blocks from the head logical block that stores this table VMGLMAT. 
[0152] Video manager information (VMGI) 75 contains information used upon playing back each video title set 
(VTS) 72 shown in FIG. 5, and such information is recorded on optical disc 10 to match a logical sector boundary. 

25 [0153] Video manager information menu video object set VMGM_VOBS stores menu information (managed by 
video manager VMG) which pertains to video data, audio data, and sub-picture data recorded on optical disc 10. 
[0154] With this video manager information menu video object set (VMGM_VOBS), the volume name of the optical 
disc to be played back, and audio and sub-picture comments upon displaying the volume name can be displayed. Also, 
selectable items can be displayed as sub-picture data. 

30 [0155] For example, video manager information menu video object set (VMGM_VOBS) allows to display a com- 
ment indicating that the optical disc to be played back contains as sub-picture data a video (in a single story or multi- 
story format) of matches fought by given boxer X until he finally winds the title of the world champion. That is, the fighting 
pose of boxer X is played back as video data together with the volume name such as "glorious history of boxer X" or the 
like, his theme (if any) is output as audio data, and the chronological table of his career/records and the like are dis- 
ss played as sub-picture data. 

[0156] Also, as the selection items displayed as sub-picture data by VMGM video object set (VMGM_VOBS), (1 ) an 
inquiry as to whether a narration voice of the match is played back in English, Japanese, French, German, and the like, 
(2) an inquiry as to whether or not a superimposed dialog in a predetermined language is displayed as sub-picture data, 
and (3) an inquiry as to which one of a plurality of selectable language superimposed dialogs is selected, are output in 

40 the form of a menu. The viewer (the user of the DVD video recorder; to be described later) can select English as the 
narration voice and Japanese as the sub-picture superimposed dialog from the displayed items by the VMGM video 
object set (VMGM_VOBS). In this way, the user is ready to watch the video of a match of boxer X. 
[0157] The above-mentioned features such as comments of the recorded contents using sub-picture data and/or 
audio data, arbitrary selection of a spoken language and superimposed dialog language, and the aforementioned play- 

45 back angle changes are not available in a conventional video recorder (VHS VCR or the like), but the DVD video 
recorder that adopts the data structure shown in FIG. 5 can have such features. 

[0158] FIG. 1 5 also exemplifies some contents of video manager information management table VMGI_MAT. More 
specifically, video manager information management table VMGLMAT describes free space (recordable amount) 
FREE_SPACE of optical disc 1 0, a user menu flag indicating if a user menu exists in optical disc 10, and various other 
so kinds of information. 

[0159] Note that video manager category VMG_CAT (not shown in FIG. 15) contained in video manager informa- 
tion management table VMGLMAT describes video copy flags and audio copy flags of the video manager and video 
title sets. Depending on the contents of these flags, whether or not video and audio data can be copied are independ- 
ently determined. 

55 [0160] Free space (recordable amount) FREE_SPACE shown in FIG. 15 equals free space data in the physical for- 
mat information shown in FIG. 8, in non-used blank disc 10. The free space of disc 10 may be stored in either a file 
descriptor (physical format information) or management information (VMGLMAT or the like). The disc free space after 
disc 1 0 is partially used to record can be written in FREEHS PACE in FIG. 1 5 and/or the free space field of the physical 
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format information shown in FIG. 8 (in this case, that data is written in both FREE-SPACE and physical format informa- 
tion). 

[0161] For example, in case of single-sided DVD-RAM disc 10 having a storage size of 2.6 GB, information indicat- 
ing 2.6 GB is written at the byte positions "17 to 20" in FIG. 8. If no data is recorded on this disc 10 at all, information 
indicating a value obtained by subtracting management data (including video manager VMG) and the like from 2.6 GB 
is written in FREE_SRACE in FIG. 15. 

[0162] If this disc 1 0 has undergone video recording for 1 GB, information at the byte positions "1 7 to 20" in FIG. 8 
indicates 2.6 GB or equivalent, but information in FREE_SPACE in FIG. 15 is rewritten to contents indicating approxi- 
mately 1.6 GB or equivalent. When such partially recorded disc 10 is set in the DVD video recorder (to be described 
later), this DVD video recorder initially reads the information at the byte positions "17 to 20" in FIG. 8 to detect that set 
disc 10 is a 2.6-GB disc, and then reads the information in FREE_SPACE in FIG. 1 5 to detect that the free space of set 
disc 10 is 1 .6 GB. If all the data on this disc 10 are erased, the contents of FREE_SPACE in FIG. 15 and information in 
the free space field of the physical format information in FIG. 8 are rewritten to indicate 2.6 GB or equivalent. 
[0163] That is, upon expressing "free space", the free space in FIG. 8 and FREE_SPACE in FIG. 15 can have dif- 
ferent contents. 

[0164] FIG. 1 6 is a table for explaining the contents of title search pointer table TT_SRPT shown in FIG. 15. This 
title search pointer table TT_SRPT records information such as title search pointer information TT_SRPTI, title play- 
back type TT_PB_TY, the number AGLNs of angles, the number PTTJsls of part-of-titles (chapters), a parental ID field, 
video title set number VTSN, video title set title number VTS_TTN, video title set start address VTS_SA, a user title 
menu flag, a main PGC number, a display position (X, Y), and the like. 

[0165] If that title includes a user title menu, the user title menu flag is set at "01 if no user title menu is available, 
the user title menu flag is set at "00". 

[0166] The main PGC number is written with a PGC number that includes a representative thumbnail picture used 
for the user title menu. 

[0167] The display position (X, Y) is written with the X-Y coordinates of a thumbnail picture on the user title menu 
screen. 

[0168] FIG. 1 7 shows the contents of video title set VTS 72 in FIG. 5. Video title set VTS consists of a plurality of 
files 74B like video manager VMG shown in FIG. 1 5. Each file 74B contains video title set information (VTSI) 94, object 
set (VTSM_VOBS) for a video title set menu, video object sets (VTSTT_VOBS; nine files in maximum) for video title set 
titles, and backup (VTSI_BUP) for video title set information. 

[0169] As shown in FIG. 17, video title set information VTSI 94 set at the beginning of video title set VTS 72 
describes a video title set information management table (VTSI_MAT; mandatory), a title search pointer table 
(VTS_PTT_SRPT; mandatory) for a video title set part-of-title (e.g., chapter of a program), a video title set program 
chain information table (VTS_PGCIT; mandatory), a video title set menu program chain information unit table 
(VTSM_PGCI_UT; mandatory when VTSM_VOBS is present), a video title set time map table (VTS_TMAPT; option), 
a video title set menu cell address table (VTSM_C_ADT; mandatory when VTSM_VOBS is present), a video title set 
menu video object unit address map (VTSM_VOBU_ADMAP; mandatory when VTSM_VOBS is present), a video title 
set cell address table (VTS_C_ADT; mandatory), and a video title set video object unit address map 
(VTS_VOBU_ADMAP; mandatory) in this order. 

[0170] FIG. 1 7 also shows some contents of video title set information management table VTSLMAT. That is, this 
video title set information management table VTSl_MAT describes a played back flag (PLAY_END Flag) indicating 
whether or not a program recorded on optical disc 10 has been completely played back at least once, an archive flag 
(ARCHIVE Flag) which serves to prevent erase errors when a program recorded on optical disc 1 0 is to be saved with- 
out being erased, and various other information. 

[0171] Note that the respective information items of table VTSI_MAT are aligned to the logical block boundaries of 
data recorded on optical disc 1 0. 

[0172] FIG. 1 8 is a table for explaining the contents of playback management table PLY_MAT shown in FIG. 3. This 
playback management table PLY_MAT records identifier ID of data which is to undergo playback management, start 
address VOBS_SA of a video object set, end address VOBS_EA of a video object set, end address CTLI_EA of control 
information, end address PLYCLEA of playback control information, category CAT of data which is to undergo playback 
management video attribute V_ATR, the number AST_Ns of audio streams, audio stream attribute AST_ATRT, the 
number SPST_Ns of sub-picture streams, sub-picture stream attribute SPST_ATRT, a user menu flag, a main PGC 
number, a display position (X, Y), a playback end flag, and the like. . . 

[0173] If the data which is to undergo playback management includes a user title menu, the user title menu flag is 
set at "01 "; if no user title menu is available, the user title menu flag is set at "00". 

[0174] The main PGC number is written with a PGC number that includes a representative thumbnail picture used 
for the user title menu. 

[0175] The display position (X, Y) is written with the X-Y coordinates of a thumbnail picture on the user title menu 
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screen. 

[0176J If the data which is to undergo playback management has not been played back yet after recording, "0" is 
written in the playback end flag; if that data has been played back even at least once, "1 " is written in this flag. 
[0177] FIG. 19 is a table for explaining the contents of recording management table RECJvlAT shown in FIG. 3. 
5 This recording management table REC_MAT describes end address RECI_EA of recording control information, end 
address REC_MAT_EA of recording management table REC_MAT, free space FREE_SPACE, an archive flag, and the 
like. 

[01781 Fr ee space FREE_SPACE stores the remaining recordable size on disc 10 after the user has recorded or 
erased various data. 

w [0179] On the other hand, "1" is written in the archive flag for data, which is to be permanently saved, of those 
recorded on disc 1 0. "0" is written in the archive flag of data which can be erased entirely. 

[0180] FIG. 20 is a table for explaining the contents of PGC management information PGC_MAI shown in FIG. 3. 
This PGC management information PGC_MAI includes end address PGCI_TABLE_EA of program chain information 
table PGC IT, end address PGCjvlALEA of program chain management information, start address PGC_SRP__SA of 
75 a program chain search pointer, end address PGC_SRP_EA of a program chain search pointer, start address 
PGCI_SA of program chain information, end address PGCI_EA of program chain information, and the total number 
PGCJMs of program chains. 

[0181] Program chain search pointer PGC_SRP points to the beginning of each program chain information PGCI, 
and a search for each PGCI can be easily executed using this pointer. 

20 [0182] FIG. 21 is a table for explaining the contents of PGC information PGCI shown in FIG. 3. This PGC informa- 
tion PGCI includes program chain general information PGC_GI, program chain program map PGC_PGMAP indicating 
the number of entries of programs, and one or more cell playback information CELL_PLY_INF#1 to CELL_PLYJNF#m. 
[0183] FIG. 22 is a table for explaining the contents of PGC general information PGCJ3I shown in FIG. 21. This 
PGC general information PGC_Gl includes program chain contents PGC_CNT, program chain playback time 

25 PGC_PB_TM, program chain audio stream control table PGC_AST_CTLT, program chain sub-picture stream control 
table PGC_SPST_CTLT, program chain navigation control PGC_NV_CTL, sub-picture color palette table 
PGC_SP_PTL, start address PGC_PGMAP_SA of a program chain program map, start address CELL_PLYJ_SA of 
cell playback information, the number CELLJMs of cells used in a target program chain, a menu data flag of a program 
chain, a display position (X, Y), a playback end flag, an archive flag, and the like. 

30 [0184] If a target program chain includes menu data, the PGC menu data flag is set at "01 "; if no menu data is avail- 
able, the PGC menu data flag is set at "00". 

[0185] The display position (X, Y) is written with the X-Y coordinates upon displaying PGC menu data. 
[0186] If a target program chain has not been played back yet after recording, "0" is written in the playback end flag; 
if that program chain has been completely played back even at least once, "1 " is written in this flag. 
35 [0187] If a target program chain is to be permanently saved, "1" is written in the archive flag; if that program chain 
can be erased later, "0" is written in the archive flag. 

[0188] FIG. 23 is a table for explaining the contents of cell playback information CELL_PLY_INF shown in FIG. 21 . 
This cell playback information CELL_PLYJNF includes cell category C_CAT, cell playback time C_PBTM, a playback 
end flag, an archive flag, cell start address CELL_SA, cell end address CELL_EA, and the like. Cell start address 
40 CELL_SA is written with the start address of a period to be played back as a cell, and cell end address CELL_EA is 
written with the end address of that period. 

[0189] If a target cell has not been played back yet after recording, "0* is written in the playback end flag; if that cell 
has been completely played back even at least once, "1 " is written in this flag. 

[0190] If a target cell is to be permanently saved, "1 ■ is written in the archive flag; if that cell can be erased later, "0" 
45 is written in the archive flag. 

[0191] Note that cell category C_CAT and cell playback time C_PBTM are used as cell general information 
(CELL.GI). 

[0192] FIG. 24 shows the contents of video title set program chain information table VTSI_PGCIT shown in FIG. 1 7. 
[0193] This video title set program chain information table VTS__PGCIT contains program title set program chain 

so information table information (VTS_PGCITI), video title set program chain information search pointers 
(VTS_PGCI_SRP#1 to vTS_PGCI_SRP#n), and video title set program chain information (VTS_PGCI). 
[0194] Note that the order of a plurality of pieces of video title set program chain information VTS.PGCI is set inde- 
pendently of that of the plurality of video title set program chain information search pointers VTS_PGCLSRP#1 to 
VTS_PGCI_SRP#n. Hence, for example, single program chain information VTS_PGCI can be indicated by one or more 

55 program chain information search pointers VTS_PGCI_SRP. 

[0195] FIG. 24 exemplifies the contents of video title set program chain information VTS_PGCI. That is, program 
chain information (PGCI) is made up of program chain general information (PGC_GI; mandatory), a program chain 
command table (PGC_CMDT; option), a program chain program map (PGC_PGMAP; mandatory when C_PBITto be 
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described below is present), a cell playback information table (C_PBIT; option), and a cell position information table 
(C_POSIT; mandatory when C_PBIT above is present). 

[0196] FIG. 24 also exemplifies the contents of cell playback information table C_PBIT. Cell playback information 
table C_PBIT has the structure shown in FIG. 24, and contains a maximum of 255 pieces of cell playback information 
(C_PBIn; #n = #1 to #255). 

[0197] Each cell playback information C_PBI (C_PBI#1 to C_PBI#n) shown in FIG. 24 includes a cell category 
(C_CAT), cell playback time (C_PBTM), the start address (C_FVOBU_SA) of the first video object unit (VOBU) in the 
cell, the end address (C_FILVU_EA) of the first interleaved unit (ILVU) In the cell, the start address (C_LVOBU_SA) of 
the last video object unit (VOBU) in the cell, and the end address (C_LVOBU_EA) of the last video object unit (VOBU) 
in the cell, although not shown. 

[0198] Cell category C_CAT can contain the following contents although not shown in FIG. 24. That is, this cell cat- 
egory (C_CAT) indicates the number of cell commands by the lower 8 bits (bO to b7), the cell still time by the next 8 bits 
(b8 to b15); the cell type (e.g., karaoke or the like) by the next 5 bits (b16 to b20), an access denial flag by the next 1 
bit (b21 ), the cell playback mode (e.g., movie or still) by the next 1 bit (b22), a seamless angle change flag by 1 bit (b24) 
after the next reserved bit, a system time clock STC discontinuity flag (to reset STC or not) by the next 1 bit (b25), an 
interleave/non-interleave flag (indicating if the cell designated by C_PBI is located in a continuous block or an inter- 
leaved block) by the next 1 bit (b26), a seamless playback flag (indicating "rf the cell designated by C_PBI is to be played 
back seamlessly) by the next 1 bit (b27), the cell block type (e.g., angle block) by the next two bits (b28 and b29), and 
the cell block mode (e.g., first cell in the block) by the last two bits (b30 and b31). 

[0199] If the cell block mode bits are 00b (b means binary), this means that the cell is not the one in the block; if the 
bits are 01b, the cell is the first one in the block; if the bits are 1 0b, the cell is the one in the block; and if the bits are 1 1 b, 
the cell is the last one in the block. 

[0200] If the cell block type bits are 00b, this indicates that the cell block does not belong to the block of interest; if 
the bits are 01 b, the block of interest is an angle block (a block containing multiangle cells). 

[0201] If the cell block type bits are not 01 b during playback of a title containing multiangle ceils, for example, an 
angle mark (not shown) is kept ON. 

[0202] On the other hand, if this cell block type = 01 b is detected during playback, the DVD video recorder can 
inform the viewer that playback of the angle block is currently in progress by flickering the angle mark (not shown; or by 
changing the ON color or shape of the angle mark). With such information, the viewer can make sure that an image in 
another angle is available for the picture which is currently being played back. 

[0203] If the interleave/non-interleave flag is Ob, it indicates that the cell of interest belongs to a continuous block 

(that continuously records a plurality of VOBUs); if the interieave/non-interleave flag is 1 b, the cell of interest belongs to 

an interleaved block (that records ILVUs each containing one or more VOBUs upon interleaving). 

[0204] If the seamless angle change flag is set (= 1b), it represents that the cell of interest is to be seamlessly 

played back; if this flag is not set (= Ob), the cell of interest is to be non-seamlessly played back. 

[0205] That is, if the interleave/non-interleave flag = 1b and seamless angle change flag = Ob, the angle can be 

changed non-seamlessly; if the interleave/non-interleave flag = 1b and seamless angle change flag = lb, the angle can 

be changed seamlessly. 

[0206] If a media drive system with a very short access time (a system that can access the beginning of a desired 
angle block within one video frame period; not limited to an optical disc drive system) is used, the angle can be changed 
smoothly even when the interleave/non-interleave flag = Ob, i.e., between VOBU sets (different angle cells) which are 
not recorded upon interleaving. 

[0207] When optical disc 1 0 with relatively low access speed is used as a recording medium, one recording track 
of that disc is preferably assigned to recording of one interleaved block. In such format, since the trace destination of an 
optical head need only move in the radial direction of the disc by a very small distance corresponding to one track width, 
track jump suffering less time lag (suitable for seamless angle change) can be attained. In this case, if track jump for 
one video object unit (VOBU) is made, a time lag for a maximum of one revolution of the disc may be produced. Hence, 
the angle change that requires jumps in units of VOBUs is suitable for non-seamless angle change. 
[0208] Note that the contents of the seamless angle change flag are normally determined in advance by the pro- 
vider (the software producer who produces the program contents of titles recorded on optical disc 1 0). That is, by deter- 
mining the contents of the seamless angle change flag in advance, the provider can uniquely determine whether the 
non-seamless angle change or seamless angle change is to be used. 

[0209] However, it is technically possible to design a DVD video recorder which allows the viewer (the user of the 
DVD video recorder to be described later) to arbitrarily change the contents of the seamless angle change flag in read 
data after cell data of the title set of interest are read from an optical disc. 

[0210] Since the seamless angle change flag represents whether the angle information described in navigation 
pack 86 indicates seamless or non-seamless angle information, if the user has changed this flag, he or she must also 
modify angle information (not shown) in navigation pack 86 (e.g., modification from seamless angle information to non- 
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seamless angle information). 

[0211 J When the cell playback mode is Ob, it indicates continuous playback in the cell; if the mode is 1 b, still play- 
back in each VOBU present in the cell. 

[0212] When the user makes video recording, playback, and the like, the access denial flag can be used upon pro- 
5 hibiting direct selection by user operation. For example, when the access denial flag of a cell that records answers for 
a collection of questions, the user is prohibited from reading the answers by stealth. 

[0213] The cell type can indicate the following ones by its 5-bit contents, for example, when the cell of interest is 
formed for karaoke . 

[0214] If the 5 bits are'OOOOOb, no cell type is designated; if the 5 bits are 00001b, a title picture of the karaoke is 
70 designated; if the 5 bits are 00010b, an introduction part of the karaoke is designated; If the 5 bits are 0001 lb, a song 
part other than a climax (bridge) part is designated; if the 5 bits are 00100b, a song part of the first climax part is des- 
ignated; if the 5 bits are 00101b, a song part of the second climax part is designated; if the 5 bits are 001 10b, a song 
part for a male vocal is designated; if the 5 bits are 001 1 1 b, a song part for a female vocal is designated; if the 5 bits 
are 01 000b, a song part for mixed voices is designated; if the 5 bits are 01 001 b, an interlude part (instrumental part) is 
15 designated; if the 5 bits are 01 01 Ob, fading-in of the interlude part is designated; if the 5 bits are 01 01 1 b, fading-out of 
the interlude part is designated; if the 5 bits are 01 1 00b, the first ending part is designated; and if the 5 bits are 01 1 01 b, 
the second ending part is designated. The contents of the remaining 5-bit code can be used for other purposes. 
[0215] Note that the angle change also applies to background video data of the karaoke . (For example, a full-figure 
shot, close-up shots of the face and mouth, and the like of a singer who is singing a guide vocal can undergo angle 
20 changes seamlessly along with the flow of a karaoke music or non -seamlessly by going back some bars, or during 
repeat playback between desired bars, as the viewer desired.) 

[0216] On the other hand, if the 8-bit contents of the cell still time are 00000000b, zero still time is designated; if the 
contents are 11111111b, limitless still time is designated; if the contents fall within the range from 00000001b to 
1 1 1 1 1 1 1 0b, a still display time having a duration defined by the decimal value (1 to 254) designated by the contents and 
25 expressed in seconds is designated. 

[0217] The number of cell commands indicates the number of commands to be executed upon completion of play- 
back of the cell of interest. 

[0218] FIG. 25 shows the contents of program chain general information PGC_Gl shown in FIG. 24. As shown in 
FIG. 25, program chain general information PGCJ3I describes program chain contents (PGC_CNT), a program chain 

30 playback time (PGC_PB_TM), program chain user operation control information (PGCJJOP_CTL), a program chain 
audio stream control table (PGC_AST_CTLT), a program chain sub-picture stream control table (PGC_SPST_CTLT), 
program chain navigation control information (PGC_NV_CTL), a program chain sub-picture palette (PGC_SP_PLT), 
the start address (PGC_CMDT_SA) of a program chain command table, the start address (PGC_PGMAP_SA) of a pro- 
gram chain program map, the start address (C_PBIT_SA) of a playback information table of cells in the program chain, 

35 the start address (C_POSIT_SA) of a position information table of cells in the program chain, a program chain menu 
data flag, and a display position (X, Y). 

[0219] Referring to FIG. 25, program chain contents PGC_CNT indicate the number of programs and number of 
cells (a maximum of 255) in that program chain. In a program chain having no video object VOB, the number of pro- 
grams is "0". 

40 [0220] Program chain playback time PGC_PB_TM represents the total playback time of programs in that program 
chain in hours, minutes, seconds, and the number of video frames. This PGC_PB_TM also describes a flag (tc_flag) 
indicating the type of video frame, and a frame rate (25 or 30 frames per sec) or the like is designated by the contents 
of this flag. 

[0221] Program chain user operation control information PGC_UOP_CTL indicates user operations prohibited in 
45 the program chain which is being played back. 

[0222] Program chain audio stream control table PGC_AST_CTLT can contain control information for each of eight 
audio streams. Each control information includes a flag (availability flag) indicating if the corresponding audio stream is 
available in that program chain, and conversion information from an audio stream number to an audio stream number 
to be decoded. 

so [0223] Program chain sub-picture stream control table PGC_SPST_CTLT includes a flag (availability flag) indicat- 
ing if that sub-picture stream is available in the program chain of interest, and conversion information from a sub-picture 
stream number (32) into the sub-picture stream number to be decoded. 

[0224] Program chain navigation control information PGC_NV_CTL includes Next_PGCN indicating the next pro- 
gram chain number to be played back after the program chain which is currently being played back, Previous_PGCN 
55 indicating a program chain number (PGCN) quoted by a navigation command "LinkPrevPGC" or "PrevPGC^SearchO", 
GoUp_PGCN indicating a program number to which that program chain is to return, a PG Playback mode indicating the 
playback mode (sequential playback, random playback, shuffle playback, and the like) of the program, and a Still time 
value indicating the still time after that program chain is played back. 
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[0225] Program chain sub-picture palette PGC_SP_PLT describes 1 6 sets of luminance signals and two color dif- 
ference signals used in a sub-picture stream in that program chain. 

[0226] Start address PGC_CMDT_SA of the program chain command table assures a description area for a pre- 
command executed before PGC playback, a post-command executed after PGC playback, and a cell command exe- 
cuted after cell playback. 

[0227] Start address PGC_PGMAP_SA of the program chain program map describes the start address of program 
map PGC_PGMAP representing the program configuration in the program chain by a relative address from the first byte 
of program chain information PGCI. 

[0228] Start address C_PBIT_SA of the cell playback information table in the program chain describes the start 
address of cell playback information table C_PBIT that determines the playback order of cells in that program chain by 
a relative address from the first byte of program chain information PGCI. 

[0229] Start address C_POSIT_SA of the position information table of cells in the program chain describes the start 
address of cell position information table C_POSIT indicating VOB identification numbers and cell identification num- 
bers used in that program chain by a relative address from the first byte of program chain information PGCI. 
[0230] The PGC menu data flag describes whether or not a target program chain includes user menu data. If the 
target program chain includes user menu data, the PGC menu data flag is set at "01 "; if no menu data is available, the 
PGC menu data flag is set at "00". 

[0231] The display position (X, Y) is written with X-Y coordinates upon displaying PGC menu data. 
[0232] Note that program chain general information PGC_GI shown in FIG. 22 described above can be used in a 
DVD video recorder that records/plays back video using the data structure shown in FIGS. 2 to 4 (the one using a DVD- 
RAM disc or DVD-RW disc). 

[0233] On the other hand, program chain general information PGC_GI shown in FIG. 25 can be used in a DVD 
video recorder that records/plays back video using the data structure shown in FIG. 5 (the one using a DVD-R disc). 
[0234] FIG. 26 illustrates an example of a playback process of cell data recorded on the disc shown in FIG. 1. As 
shown in FIG. 26, playback data is designated by the playback period from cell A to cell F. A playback combination of 
these cells in each program chain is defined by program chain information. 

[0235] FIG. 27 exemplifies the relationship between the program chain information and the cells shown in FIG. 26. 
More specifically, PGC#1 comprised of three cells #1 to #3 designates cell playback in the order of cell A -> cell B -» 
cell C. PGC#2 comprised of three cells #1 to #3 designates cell playback in the order of cell D -> cell E -» cell F. Fur- 
thermore, PGC#3 comprised of five cells #1 to #5 designates cell playback in the order of cell E -» cell A -> cell D -» 
cell B -> cell E. 

[0236] FIG. 28 is a view for explaining the first example of a method of determining a divide point of video contents 
recorded on the disc shown in FIG. 1. In this example, the divide points for individual PGCs exemplified in FIG. 27 are 
set based on a change in mode of the video-recording source. For example, assume that the video-recording source is 
television broadcast of a movie, which includes both stereo audio data for commercials and monaural audio (or bilingual 
audio) data. When such movie program of television broadcast is recorded, a point where the audio mode changes from 
stereo to monaural (or bilingual) or a point where the audio mode changes from monaural (or bilingual) to stereo can 
be automatically detected as the divide point of a PGC. 

[0237] FIG. 29 is a view for explaining the second example of a method of determining a divide point of video con- 
tents recorded on the disc shown in FIG. 1. In this example, the divide points for individual PGCs are set based on an 
elapse of a given video recording time. For example, every time a video recording time of 15 minutes has elapsed, the 
divide point of a PGC can be automatically detected independently of video-recorded contents. 
[0238] FIG. 30 is a view for explaining the third example of a method of determining a divide point of video contents 
recorded on the disc shown in FIG. 1 . In this example, the divide points for individual PGCs are set based on a marker 
key input by the user For example, when the user makes a marker key input at the time when he or she recognizes a 
scene change while reviewing the video-recorded contents, the divide point of a PGC is set at that time. 
[0239] FIG. 31 is a view for explaining the fourth example of a method of determining a divide point of video con- 
tents recorded on the disc shown in FIG. 1. For example, in video recording of a digital video movie camera using a 
DVD-RW disc, every time the user pauses recording during video recording, the pause timing can be automatically 
detected as a divide point of a PGC. Alternatively, even after video recording, every time the user pauses playback dur- 
ing playback of a recorded DVD-RW disc, the pause timing can be automatically detected as a divide point of a PGC. 
[0240] FIG. 32 is a view for explaining the fifth example of a method of determining a divide point of video contents 
recorded on the disc shown in FIG. 1 . For example, when the video-recorded contents have abruptly changed from a 
white frame (or field) to a black frame (or field) or vice versa, such abrupt change is detected. The detection point can 
be automatically detected as the divide point of a PGC. 

[0241] A moving picture and still picture can be used as a thumbnail picture used in the user menu of video- 
recorded contents. In case of a moving picture, no problem is posed since the normal MPEG video format can be used. 
However, in case of a still picture, a sequence end code must be inserted after l-picture. 
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[0242] FIGS. 33 to 35 show some examples of the video pack structure of a portion to be played back as a still 
image in the video contents recorded on the disc shown in FIG. 1 . FIGS. 33 to 35 also exemplify various insertion pat- 
terns of the sequence end code. 

[0243] In the example shown in FIG. 33, sequence end code "000001 B7" is appended at the end of l-picture to pack 
5 l-picture including a still picture for a user menu. 

[0244] In the example shown in FIG. 34, after l-picture data including a still picture for a user menu is packetized, a 
packet including sequence end code "000001 B7" alone is appended. 

[0245] In the example shown in FIG. 35, after l-picture data including a still picture for a user menu is packetized, a 
packet including sequence end code "000001 B7" alone is appended. In the method of appending a pack including only 
w a sequence end code, a padding packet is appended to that pack as needed so that the length per pack always 
becomes 2,048 bytes. 

[0246] The format of a user menu file can have the configuration, as shown in FIG. 36 and, more specifically, that 
shown in FIGS. 37 and 38. 

[0247] The user menu file describes data in the order of anchor points, a thumbnail picture management section, a 
15 backup (not shown) of the thumbnail picture management section, a group of thumbnail picture data, and anchor points, 
as exemplified from the top to the bottom in FIG. 36. 

[0243] This user menu file stores, as first data, pointer addresses called anchor points (a, p, b, q in FIG. 36), which 
respectively describe the start address (a) and end address (p) of the thumbnail picture management section, and the 
start address (b) and end address (q) of backup data of the thumbnail picture management section. 
20 [0249] After the anchor points, the thumbnail picture management section is recorded, and this data has undergone 
a "32-kbyte align" process (to be described later). This thumbnail picture management section records data that per- 
tains to thumbnail pictures which form the user menu. 

[0250] Actual data which pertain to each thumbnail picture that forms the user menu includes a PGC number, a 
time code (that can be used in, e.g., time search), the start address of that thumbnail picture, the number of used sec- 
25 tors (= data length), a thumbnail picture size, the address (pointer) to a source file (AV data) of the thumbnail picture, 
text data used in search, title, and the like, and so forth. 

[0251] After those data, the start address and data length of a defective area are recorded if the file includes a 
defective area. Then, the registration number, start address, and the like of background picture data of the user menu 
are recorded. 

30 [0252] After these data, the backup of the thumbnail picture management section is recorded, although not shown. 
This backup is recorded as an insurance against damages to the thumbnail picture management section. 
[0253] After the backup, a group of actual packed thumbnail picture data are recorded. Note that each of these 
thumbnail picture data has been 32-kbyte aligned. 

[0254] After the picture data, the same anchor points (a, p, b, q) as those at the beginning of the user menu file are 
35 described. This is because the file normally suffers damages from the management area at its head position, which is 
accessed frequently. Since the anchor points are also set at the end of the file, higher safety is assured. 
[0255] On the other hand, the reason why data have been 32-kbyte aligned at the divisions of this file is to allow 
access in units of 32-kbyte ECC groups upon changing, adding, or deleting data. In this manner, higher-speed access 
can be achieved, and the operation load on a data process shown in FIGS. 39 to 41 (to be described later) can be 
40 reduced. 

[0256] Note that each address information in this user menu file is expressed by a relative address from the begin- 
ning of the file. 

[0257] The user menu file shown in FIG. 36 has the following features: 

45 (a) One or more menu selection picture data (i.e., thumbnail picture data) each of which represents a still picture of 
at least a part of video data are recorded in a single user menu file. 

(b) The user menu file has a thumbnail picture management section, and systematically manages all thumbnail pic- 
ture data (their saving locations and designation of corresponding video signals) recorded on a recording medium 
(DVD-RAM disc, DVD-RW disc, or DVD-R disc). 

50 

[0258] More specifically, the user menu file shown in FIG. 36 is written with the contents exemplified in FIGS. 37 
and 38. 

[0259] That is, as the first anchor pointer for a picture address table, the start and end positions of the picture 
address table, and those of a reserved picture address table are described; as the picture address table (corresponding 
55 to DA2142 in FIG. 2), menu index information (INF01), index picture information (INF02), defective area information 
(INF05), wallpaper picture information (INF06), and padding data are described; and as the second anchor pointer for 
the picture address table, the start and end positions of the picture address table, and those of a reserved picture 
address table are described. 
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[0260] Note that the picture address table shown in FIGS. 37 and 38 also describes slide & still picture information 
INF03 and information picture information INF04 in FIG. 2 as needed. 

[0261] The menu index information in FIG. 37 includes the number of index pictures, the number of information pic- 
tures, the number of slide & still pictures, the number of defective areas, and the number of wallpaper pictures. 
[0262] The index picture information in FIG. 37 includes a content characteristic, the ID of a program chain for an 
index picture, the time code of an index picture, the start position of an index picture, the number of used sectors upon 
recording an index picture, the picture size, the addresses of original audio/video data, and search text data. 
[0263] Note that "T is described in the content characteristic included in the index picture information if a still image 
used in the user menu has already been recorded; or "0" is described if only the recorded location (address) of that still 
image is recorded. 

[0264] The index picture data used when a user menu picture is designated by only the address includes the con- 
tent characteristic described with "0", the ID of a program chain for slide & still pictures, the addresses of original 
audio/video data, and the time codes of slide & still pictures, as shown in FIG. 38. 

[0265] The wallpaper picture information in FIG. 38 includes the number of wallpaper pictures that can be used as 
background pictures of the user menu (numbers of registered background pictures), the start position of a wallpaper 
picture, and the number of used sectors of an area where the wallpaper picture is recorded. 

[0266] The padding data in FIG. 38 includes the contents of index pictures, those of a defective area, those of a 
wallpaper picture, and the like. 

[0267] The aforementioned "32-kbyte align" process will be explained below. 

[0268] Data in the user menu file shown in FIGS. 36 to 38 are segmented in units of 32 kbytes as units (ECC 
groups) of an error correction code independently of the already recorded area or non-recorded area, and the positions 
of "ECC boundaries" as the boundaries of the segmented data are settled in advance. 

[0269] Upon recording the thumbnail picture data, anchor points, thumbnail picture management section, and 
backup of the thumbnail picture management section, all data are recorded so that their recording start and end posi- 
tions match the "ECC boundary" positions. 

[0270] When each data size is slightly smaller than an integer value of 32 kbytes, a "dummy area" is appended, as 
shown in FIG. 36, to match the recording end position with the "ECC boundary" position. This "dummy area" means the 
■padding" area shown in FIG. 37. 

[0271] Upon recording/erasing thumbnail picture data, information is recorded/erased in units of "ECC boundaries" 
described above. In this case, since information in a ECC group need not be partially changed, thumbnail data can be 
directly overwritten in correspondence with the ECC boundary upon recording data. 

[0272] When the aforementioned "32-kbyte align" process is done, since error correction information appended to 
record/erase thumbnail picture data in units of ECC groups need not be modified, high-speed recording/erase process 
in units of ECC groups can be achieved. 

[0273] The user menu file shown in FIG. 36 is designed in consideration of portability to another recording medium 
using a personal computer or the like. For this purpose, all the save addresses of the user menu thumbnail pictures, 
background picture, and thumbnail picture management area are expressed by differential addresses (relative 
addresses) from the start position of the user menu file. 

[0274] In a link table in the thumbnail picture management area in FIG. 36, two lines from the PGC number to the 
search text data size express one correspondence table. 

[0275] In this case, the relationship between the recorded thumbnail picture data and video signal can be recog- 
nized based on the correspondence between the pair of time code of the video signal and the start address. 
[0276] By searching the entire link table, an unrecorded area or the location of erased thumbnail picture in the user 
menu file can be detected, and new thumbnail picture data can be recorded on that area 

[0277] In the user menu file shown in FIG. 36, a defective area is managed in a link table between the locations on 
an AV file including audio/video data, and thumbnail picture recorded locations. 

[0278] An example of a processing method executed when the thumbnail picture management section is damaged 
by dust or scratch attached to the surface of disc (recording medium) 10 will be explained below. 
[0279] Damage to the thumbnail picture management section due to dust or scratch on the disc (recording medium) 
surface is detected. (Whether or not the disc is damaged can be determined by checking if error correction of ECC 
groups fails.) 

[0280] If any damage is detected, anchor point information is read to check the backup data address of the thumb- 
nail picture management section, and the backup data of the thumbnail picture management section is read. 
[0281] Then, the thumbnail picture recorded location link table in FIG. 36 is searched for an unrecorded area in the 
user menu file. Thumbnail picture data is recorded on the unrecorded area in the user menu file, and the anchor point 
address information is updated. 

[0282] Subsequently, the damaged location of the thumbnail picture management section due to dust or scratch on 
the disc (recording medium) surface is registered as a defective area in the thumbnail picture recorded location link 
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table in FIG. 36. 

[0283] When the user menu file format shown in FIGS. 36 to 38 is adopted, the following effects are expected: 

(a) High-speed access such as addition/search of thumbnail picture data can be achieved by the aforementioned 
5 "32-kbyte align" process. 

(b) When a plurality of thumbnail pictures are simultaneously displayed on a display unit of a monitor display (not 
shown), the corresponding thumbnail picture data location must be accessed for each thumbnail screen. When 
such thumbnail picture data are distributed (scattered) on the recording medium, a long access time is required, 
thus requiring a long time to display a plurality of thumbnail pictures. However, when a plurality of thumbnail picture 

10 data are allocated within a single user menu file, as shown in FIG. 36, a plurality of thumbnail pictures can be dis- 
played at high speed by playing back only this user menu file. 

(c) Since the thumbnail picture management section simultaneously manages all thumbnail picture data, dele- 
tion/addition of thumbnail picture data can be easily managed. That is, an unrecorded area (or thumbnail picture 
data deleted area) in the user menu file can be easily found by search, and new thumbnail picture data can be addi- 

15 tionally registered at high speed. 

(d) In a DVD video recorder to be described later, a data processor 36 records 1 6 packs (= 32 kbytes) as one ECC 
group on disc (DVD-RAM, DVD-RW, or DVD-R) 10 by appending error correction information. Therefore, if some 
pieces of information in that ECC group have been changed, the appended error correction information must be 
modified, resulting in a complicated process and a very long time for the information change process. However, 

20 since the aforementioned "32-kbyte align" process is done, the appended error correction information need not be 
modified upon recording/erasing thumbnail picture data, and user menu data can be recorded/erased at high 
speed. 

(e) With the following method, high reliability of the anchor points, thumbnail picture management section, and 
backup data of the thumbnail picture management section can be guaranteed: 

25 

'Guarantee High Reliability of Thumbnail picture Management Area 

• • • A backup area for the thumbnail picture management area is assured to prepare for thumbnail picture 
management area defects that may occur, and the recording location can be moved if any defects occur; 
•Guarantee High Reliability of Anchor Point Information Indicating Recording Location of Thumbnail picture 

30 Management Area 

• • • Anchor point information alone forms an ECC block to reduce the number of times of data change, and is 
recorded at two locations (first and second anchor paints in FIG. 36); and 

•Defect Management Process 

. . . when information playback from the thumbnail picture management section or anchor points is disabled 
35 due to dust or scratches on the disc (recording medium) surface, data can be read out again from the afore- 

mentioned backup section and re-recorded at another location. In this manner, a defective area is registered, 
and can be prevented from being used again. 

[0284] Note that closed caption data, teletext data, or the like is often superposed on an original picture of thumb- 
40 nail picture data used in the user menu. In such case, after characters are multiplexed, a thumbnail picture may be 
formed. Alternatively, a thumbnail picture may be formed based on character data alone. 

[0285] Furthermore, a thumbnail picture for the user menu may be expressed by only a pointer to an original picture 
without storing any actual thumbnail picture data (this corresponds to the arrangement shown in FIG. 40 to be 
described later, in which a decoder generates and displays thumbnail pictures to prepare the user menu by hardware). 

45 With this method, since disc search is frequently done upon displaying the user menu, menu display requires a slightly 
long period of time. However, since no actual thumbnail pictures are stored, the disc size used can be reduced. 
[0286] FIG. 39 exemplifies the arrangement of an apparatus (DVD video recorder) which records/plays back digital 
moving picture information at a variable recording rate on the disc shown in FIG. 1 using information with the structure 
described above with reference to FIGS. 2 to 25. 

so [0287] The apparatus main body of the DVD video recorder shown in FIG. 39 is roughly constructed by a disc drive 
unit (32, 34, and the like) for rotating DVD-RAM (DVD-RW) disc 10, and reading/writing information to/from disc 10, 
encoder 50 on the video recording side, decoder 60 on the playback side, and microcomputer block 30 for controlling 
the operations of the apparatus main body. 

[0288] Encoder 50 comprises ADC (analog-to-digital converter) 52, video encoder (V encoder) 53, audio encoder 
55 (A encoder) 54, sub-picture encoder (SP encoder) 55, formatter 56, and buffer memory 57. 

[0289] ADC 52 receives an external analog video signal + external analog audio signal from AV input 42, or an ana- 
log TV signal + analog audio signal from TV tuner 44. ADC 52 converts the input analog video signal into a digital signal 
at a sampling frequency of, e.g., 13.5 MHz and 8 quantization bits (4 : 4 : 4 in MPEG). (In this case, luminance compo- 
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nent Y, color difference component Cr (or Y-R), and color difference component Cb (or Y-B) are respectively quantized 
by 8 bits.) 

[0290] Alternatively, ADC 52 converts luminance component Y of the input analog video signal into a digital signal 
at a sampling frequency of, e.g., 13.5 MHz and 8 quantization bits, and converts color difference component Cr (or Y- 
R) and color difference component Cb (or Y-B) into digital signals at a sampling frequency of 6.75 MHz and 8 quantiza- 
tion bits (4 : 2 : 2 in MPEG). 

[0291] Similarly, ADC 52 converts the input analog audio signal into a digital signal at a sampling frequency of, e.g., 
48 kHz and 16 quantization bits. 

[0292] When an analog video signal and digital audio signal are input to ADC 52, the digital audio signal passes 
through ADC 52. (The digital audio signal may undergo processes for reducing jitter alone, changing the sampling rate 
or the number of quantization bits, and the like without changing its contents.) 

[0293] On the other hand, when a digital video signal and digital audio signal are input to ADC 52, these signals 
pass through ADC 52 (these signals may also undergo a jitter reduction, sampling rate change process, and the like 
without changing their contents). 

[0294] A digital video signal component output from ADC 52 is supplied to formatter 56 via video encoder (V 
encoder) 53. Also, a digital audio signal component output from ADC 52 is supplied to formatter 56 via audio encoder 
(A encoder) 54. 

[0295] V encoder 53 has a function of converting the input digital video signal into a digital signal compressed at a 
variable bit rate by MPEG2 or MPEG1. 

[0296] A encoder 54 has a function of converting the input digital audio signal into a digital signal compressed at a 
fixed bit rate (or linear PCM digital signal) by MPEG or AC-3. 

[0297] When a DVD video signal with the data structure shown in FIGS. 1 1 to 13 or FIG. 72 (without navigation 
packs when the signal is recorded on a DVD- RAM/DVD -RW; with navigation packs when the signal is recorded on a 
DVD-R) is input from AV input 42 or when a DVD video signal with such data structure is broadcasted and received by 
TV tuner 44, a sub-picture signal component (sub-picture pack) in the DVD video signal can be extracted from a sub- 
picture encoder, e.g., a DVD video player with a sub-picture signal independent output terminal. Sub-picture data input 
to SP encoder 55 is arranged into a predetermined signal format, and is then supplied to formatter 56. 
[0298] Formatter 56 performs predetermined signal processes for the input video signal, audio signal, sub-picture 
signal, and the like while using buffer memory 57 as a work area, and outputs recording data that matches the format 
(file structure) described above with reference to FIGS. 2 to 25 to data processor 36. 

[0299] The contents of standard encoding for generating the recording data will be briefly explained. That is, when 
encoder 50 shown in FIG. 39 starts encoding, parameters (see step ST20 in FIG. 49; to be described later) required for 
encoding video (main picture) data and audio data are set. The main picture data is pre-encoded using the set param- 
eters to compute an optimal code amount distribution to a predetermined average transfer rate (recording rate). Based 
on the code amount distribution obtained by pre-encoding, the main picture data is encoded. At this time, the audio data 
is encoded at the same time. 

[0300] As a result of pre-encoding, when data compression is insufficient (when a desired video program cannot 
be stored in a DVD-RAM or DVD-R disc used to record data), if pre-encoding can be done again (for example, if the 
recording source is the one capable of read many such as a video tape, video disc, or the like), the main picture data is 
partially re-encoded, and the re-encoded main picture data portion replaces the previously pre-encoded main picture 
data portion. With a series of such processes, the main picture data and audio data are encoded, and the average bit 
rate value required for recording is reduced largely. 

[0301] Likewise, parameters required for encoding the sub-picture data are set, and encoded sub-picture data is 
generated. 

[0302] The encoded main picture data, audio data, and sub-picture data are combined and converted into a data 
structure for video recording. 

[0303] That is, cells as minimum units of the main picture data (video data) are set, and celt playback information 
(CELL_PLY_INF) shown in FIG. 23 or cell playback information (C_PBI) shown in FIG. 24 is generated. Then, the struc- 
ture of cells that construct a program chain shown in FIG. 4 or 5, attributes of main picture, sub-picture, and audio data, 
and the like are set (some pieces of such attribute information use information obtained upon encoding the individual 
data), and information management table information (VMGLMAT in FIG. 15, VTSLMAT in FIG. 17, or PLY_MAT in 
FIG. 18) containing various kinds of information is created. 

[0304] The encoded main picture data, audio data, and sub-picture data are segmented into packs each having a 
predetermined size (2,048 bytes or 2 kbytes). Dummy packs (FIG. 14) are inserted into these packs as needed. Packs 
other than the dummy packs describe time stamps such as a PTS (presentation time stamp), DTS (decoding time 
stamp), and the like as needed. As for the PTS of sub-picture data, a time arbitrarily delayed from that of main picture 
data or audio data in the same playback time zone can be described. 

[0305] The data cells are arranged in units of VOBUs 85 so as to play back data in the order of their time codes, 
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thus forming VOB 83 constructed by a plurality of cells, as shown in FIG. 72. VOBS 82 (without navigation packs) which 
combines one or more VOBs 83 is formatted to the structure shown in FIGS. 2 to 4. Alternatively, VOBS 82 (with navi- 
gation packs, as shown in FIG. 1 1 ) which combines one or more VOBs 83 is formatted to the structure shown in FIG. 5. 
[0306] When a DVD playback signal is digitally copied from a DVD video player, since the contents of cells, program 
chain, management tables, time stamps, and the like are predetermined, they need not be generated again. (When a 
DVD video recorder is designed to digitally copy a DVD playback signal, copyright protection means such as digital 
watermarking, serial copy management system SCMS, charges for copyrights on raw discs, and the like must be 
taken,) 

[0307] The disc drive unit that writes/reads (records and/or plays back) information to/from DVD disc 1 0 comprises 
disc changer 100, disc drive 32, temporal storage 34, data processor 36, and system time counter (or system time 

clock; STC) 38. . . 

[0308] Temporal storage 34 is used to buffer a predetermined amount of data of those to be written in disc 10 via 
disc drive 32 (i.e., data output from encoder 50), and to buffer a predetermined amount of data of those played back 
from disc 1 0 via disc drive 32 (i.e., data input to decoder 60). 

[0309] For example, when temporal storage 34 is comprised of a semiconductor memory (DRAM) of 4 to 8 Mbytes, 
it can buffer recording or playback data for approximately 8 to 16 sec at an average recording rate of 4 Mbps. On the 
other hand, when temporal storage 34 is comprised of a 16-Mbyte EEPROM (flash memory), it can buffer recording or 
playback data for approximately 32 sec at an average recording rate of 4 Mbps. Furthermore, when temporal storage 
34 is comprised of a 100-Mbyte very compact HDD (hard disc), it can buffer recording or playback data for 3 min or 
20 more at an average recording rate of 4 Mbps. 

[0310] Temporal storage 34 can also be used to temporarily store recording information until disc 1 0 is exchanged 
by a new one, when disc 1 0 has been fully recorded during video recording. 

[031 1 ] Furthermore, when disc drive 32 uses a high-speed drive (double-speed or higher), temporal storage 34 can 
be used to temporarily store data that excesses data to be read out from a normal drive within a predetermined period 
25 of time. When read data upon playback is buffered on temporal storage 34, even when an optical pickup (not shown) 
produces read errors due to a vibration shock or the like, playback data buffered on temporal storage 34 can be used 
alternatively, thus preventing the played back picture from being interrupted. 

[0312] When the DVD video recorder has an external card slot (not shown in FIG. 39), the EEPROM may be sold 
as an optional IC card. On the other hand, when the DVD video recorder has an external drive slot or SCSI interface, 
30 the HDD can be sold as an optional expansion drive. 

[0313] In an embodiment (a DVD video recorder is implemented by software using a personal computer) shown in 
FIG. 48 (to be described later), the free space of a hard disc drive or a main memory of the personal computer can be 
partially used as temporal storage 34 in FIG. 39. 

[031 4] Data processor 36 in FIG. 39 supplies DVD recording data output from encoder 50 to disc drive 32, receives 
35 a DVD playback signal played back from disc 1 0 via drive 32, rewrites management information (the directory record in 
FIG. 10, VMGLMAT in FIG. 15, VTSIJvlAT in FIG. 17, PLY.MAT in FIG. 18, and the like) recorded on disc 10, and 
erases data recorded on disc 10 under the control of microcomputer block 30. 

[0315] Microcomputer block 30 includes an MPU (or CPU), a ROM written with control programs and the like, and 
a RAM that provides a work area required for executing programs. 

[031 6] The MPU in microcomputer block 30 executes free space detection (ST1 2 in FIG. 49 and the like), recording 
amount (the number of recorded packs) detection (see FIGS. 44 to 47), remaining amount detection (ST420A in FIG. 
51 and the like), warning (see FIG. 57), recording mode change instruction, and other processes (FIGS. 40 to 56 or 
FIGS 58 to 67) using the RAM as a work area in accordance with the control programs stored in the ROM. 
[0317] Of the execution results of MPU 30, the contents (FIG. 57, FIGS. 68 to 71 , or the like) that the DVD video 
recorder user is informed of are displayed on display 48 of the DVD video recorder, or are displayed on a monitor display 
(FIG. 57) in an on-screen display (OSD) mode. 
[0318] The control timings that MPU 30 controls disc changer 1 00, disc drive 32, data processor 36, and encoder 
50 and/or decoder 60 can be determined based on time data output from STC 38 (video recording/playback operations 
are normally done in synchronism with time clocks from STC 38, but other processes may be executed at timings inde- 

50 pendently of STC 38). . 

[0319] Decoder 60 comprises separator 62 for separating and extracting packs from DVD playback data with the 
pack structure shown in FIGS. 11 to 13 or FIG. 72, memory 63 used upon signal processes such as pack separation 
and the like, video decoder (V decoder) 64 for decoding main picture data (the contents of video pack 88, 88A, or 88B) 
separated by separator 62, sub-picture decoder (SP decoder) 65 for decoding sub-picture data (the contents of sub- 

55 picture pack 90) separated by separator 62, audio decoder (A decoder) 68 for decoding audio data (the contents of 
audio pack 91) separated by separator 62, video processor 66 for synthesizing sub-picture data output from SP 
decoder 65 with video data output from V decoder 64, as needed, and outputting main picture data with superimposed 
sub-picture data such as menus, highlight buttons, superimposed dialog, and the like, video digital-to-analog converter 
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(V • DAC) 67 for converting a digital video output from video processor 66 into an analog video signal, and audio digital- 
to-analog converter (A • DAC) 69 for converting a digital audio output from A decoder 68 into an analog audio signal. 
[0320] The analog video signal output from V • DAC 67 and analog audio signal from A • DAC 67 are supplied to 
external components (not shown; a multichannel stereophonic apparatus having two to six channels + monitor TV or 
projector) via AV output 46. 

[0321] OSD data output from MPU 30 is input to separator 62 of decoder 60, and is then input to video processor 
66 through V decoder 64 (without being decoded). The OSD data is superimposed on main picture data, and these data 
are supplied to an external monitor TV connected to AV output 46. Then, a warning message shown in, e.g., FIG. 57 is 
displayed together with a main picture. 

[0322] FIG. 40 is a block diagram for explaining an example of an apparatus (DVD video recorder) which 
records/plays back information with the structure described above with reference to FIGS. 2 to 4 on the disc shown in 
FIG. 1 at a variable recording rate, and has a function of creating a user menu. 

[0323] In the following description, common reference numerals denote common parts to those in FIG. 39, a repet- 
itive description thereof will be omitted, and the arrangement unique to FIG. 40 will be mainly explained. 
[0324] Data processor 36 can directly access large-capacity temporary storage 34A. 

[0325] Encoder 60 includes thumbnail video encoder for generating a thumbnail picture used in a user menu upon 
encoding, and memory (RAM) 59 which is used as a work area upon encoding a thumbnail picture. This memory 59 is 
used to save thumbnail pictures for the user menu. 

[0326] Decoder 60 includes circuit block 600 that integrates the functions of separator 62, V decoder 64, SP 
decoder 65, and A decoder 68 in FIG. 39, video processor 66 for processing video and sub-picture data decoded by 
circuit block 600, and audio DAC & digital audio output interface 69 for converting audio data (digital) decoded by circuit 
block 600 into an analog signal, and outputting the analog audio signal. 

[0327] The apparatus shown in FIG. 40 further comprises, on the decode side, video mixer (V mixer) 602, frame 
memory 604, and video DAC & digital video output interface 67 for converting video data (digital) mixed with user menu 
data as needed by V mixer 602 into an analog signal, and outputting the analog video signal. 

[0328] As will be described in detail later, MPU 30 supplies encode setting data to encoder 50, and receives PGC 
division information (see descriptions of FIGS. 28 to 32) from encoder 50. MPU 30 receives thumbnail picture data used 
in the user menu from V mixer 602, and supplies text data to be displayed on the user menu, a menu display move com- 
mand, and background picture data of the user menu if required to V mixer 602. Text data supplied from MPU 30 to V 
mixer 602 can be input from key input unit 49. This text data can be used as a query keyword. 
[0329] The data processes in the apparatus in FIG. 40 can be classified into two processes, i.e., a video recording 
process and playback process. 

[0330] In the video recording process, upon receiving a video recording command (e.g., ah ON event of a video 

recording button of a remote controller or the like) from the user, MPU 30 loads management data from disc drive 32, 

and determines a write area on disc 1 0 set in the drive. MPU 30 then sets a management area to write the determined 

area, and sets the write start address of video data in disc drive 32, thus preparing for data recording. 

[0331] MPU 30 then resets a timer of STC 38. Note that STC 38 is a system timer, and video recording/playback is 

done with reference to this timer value. Upon resetting the timer, PGC division setups are also made. 

[0332] For example, when PGCs are divided at given time intervals, MPU 30 sets the divide time interval to be 15 

min, as shown in FIG. 29. On the other hand, when PGCs are divided based on a stereo/monaural switching signal (or 

stereo/bilingual switching signal) of an audio signal, MPU 30 executes that setup for encoder 50. Furthermore, MPU 30 

makes various other required setups. 

[0333] In the arrangement shown in FIG. 40, the flow of a video signal upon video recording is as follows. 
[0334] An external AV signal input from TV tuner 44 or AV input 42 is A/D-converted into digital signals. A digital 
video signal is input to V encoder 53 and thumbnail video encoder 58. A digital audio signal is input to A encoder 54. 
Also, TV tuner 44 inputs a text signal such as a closed caption signal, teletext signal, or the like to SP encoder 55. 
[0335] Furthermore, a mode change signal of source data for PGC division (stereo/monaural signal, picture aspect 
change signal, or the like) is input from TV tuner 44 to encoder 50. 

[0336] The respective encoders (53 to 55) compress and packetize the input signals (video, audio, and sub-pic- 
ture). (Note that packets are segmented and packetized to have a size of 2,048 bytes per pack.) These compressed 
signals are input to formatter 56. Formatter 56 determines and records presentation time stamp PTS and decoding time 
stamp DTS of each packet in accordance with the timer value from STC 38 as needed. 

[0337] In this case, packets of thumbnail pictures used in the user menu are transferred to and temporarily saved 
in memory 59 for storing thumbnail pictures. The size of each thumbnail picture on the user menu is selected to be, e.g., 
approximately 1 44 pixels x 96 pixels. 

[0338] In the arrangement shown in FIG. 40, MPEG2 compression, which is the same as the compression format 
of main picture data, can be used as that of thumbnail pictures, but other compression schemes may be used. For 
example, other compression schemes such as JPEG compression, runlength compression (pallet = 256 colors: 
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requires a reduction to 256 colors), TIFF format, PICT format, and the like can be used. 

[0339] Formatter 56 temporarily saves packet data in buffer memory 57, then packs the input packet data to mix 
them in units of GOPs of MPEG (no navigation pack is appended in the data structure shown in FIGS. 2 to 4), and trans- 
fers the packs to data processor 36. 

5 [0340J At this time, formatter 56 sends the PGC divide addresses to MPU 30 as PGC division information. 

[0341] Data processor 36 forms ECC groups by combining packs sent from formatter 56 in units of 16 packs, 
appends error correction information to each ECC group, and sends these ECC groups to disc drive 32. In this case, 
when disc drive 32 is not ready to record on disc 10, ECC group data appended with error correction information are 
transferred to temporary storage 34A, and are temporarily stored therein until drive 32 is ready to record. When disc 

w drive 32 is ready to record, recording of data stored in temporary storage 34A on disc 10 starts. 

[0342] Note that a large-capacity memory, high-speed HDD, or the like is assumed as temporary storage 34A, 
since it must hold recording data for several min or more by high-speed access. 

[0343] Upon completion of video recording based on the data structure shown in FIGS. 2 to 4, MPU 30 generates 
and records PGC information table PGCIT (see FIGS. 20 and 21) in playback control information DA21 1 (see FIG. 3) 

is in accordance with the PGC divide address information previously received from encoder 50. 

[0344] Note that MPU 30 can access data processor 36 via an MPU bus to read/write contents of a file manage- 
ment area and the like. With this access, MPU 30 can make a read/write from/to a track buffer in data processor 36. 
[0345] On the other hand, thumbnail picture data for the user menu may be inserted into recording data as inde- 
pendent video pack data in place of an independent file. That is, as shown in FIG. 13, the DVD video format specifies 

20 "0" (stream ID: OEOh) as a stream number for main picture data, and can also specify "1" (stream ID: 0E1 h) as that for 
thumbnail picture data and multiplex such stream. The multiplexed thumbnail pictures with the stream number = "1° 
serve as source data used in a menu edit process. 

[0346] When an independent file for thumbnail pictures is created, this file serves as an independent file used upon 
creating a user menu file (to be described later). This independent file can also be a source file used in the user menu 
25 edit process. 

[0347] Furthermore, when a user menu file is automatically created, first frame data of PGC is encoded by thumb- 
nail video encoder 58 as source data of a thumbnail picture, and the encoded data is stored in memory 59. Upon com- 
pletion of recording, after a header of the user menu file is created, a packet data group stored in memory 59 is 
recorded on disc 1 0. 

30 [0348] In the arrangement shown in FIG. 40, the data processes upon playback are done as follows. 

[0349] Upon receiving a playback start command by user's operation, MPU 30 loads the management area of disc 
10 from disc drive 32 via data processor 36, and determines the playback address. 

[0350] MPU 30 then sends the previously determined address of playback data and a read command to disc drive 
32. 

35 [0351] Disc drive 32 reads out sector data from disc 10 in accordance with the received command, and data proc- 
essor 36 makes error correction of the readout data and sends them to decoder 60 in the form of pack data. 
[0352] In decoder 60, the separator in circuit block 600 receives the readout pack data and packetizes them. Then, 
video packet data (MPEG video data) is transferred to the video decoder, audio packet data to the audio decoder, and 
sub-picture packet data to the SP decoder in correspondence with the data purposes. 

40 [0353] At the beginning of transfer of these packet data, presentation time stamp PTS of each packet is loaded to 
STC 38. After that, the respective decoders in circuit block 600 execute playback processes in synchronism with the 
PTS value in packet data (while comparing PTS and STC values), thus displaying a moving picture with audio and 
superimposed dialog on a TV monitor (not shown). 

[0354] When thumbnail pictures for the user menu are displayed, the thumbnail picture file previously saved as an 
45 independent file is flowed as stream packs, and is displayed by designating display positions (X- and Y-coordinate val- 
ues) in frame memory 604. At this time, if text data or the like is included, text is displayed below each thumbnail picture 
using a character ROM (or kanji ROM). 

[0355] FIG. 41 is a block diagram for explaining another example of an apparatus (DVD video recorder) which 
records/plays back information with the structure described above with reference to FIGS. 2 to 4 on the disc shown in 

so FIG. 1 at a variable recording rate, and has a function of creating a user menu. 

[0356] In the following description, common reference numerals denote common parts to those in FIG. 39 or 40, a 
repetitive description thereof will be omitted, and the arrangement unique to FIG. 41 will be mainly explained. 
[0357] The arrangement shown in FIG. 41 includes large-capacity temporary storage 34B, video mixer 602, frame 
memory (for two frames of text and video signals) 604, and the like. Video DAC/interface 67 and audio DAC/interface 

55 69 shown in FIG. 40 are not shown in FIG. 41, but are also used in the arrangement in FIG. 41. 

[0358] Encoder 50 shown in FIG. 41 includes ADC 52 for converting analog video and audio signals from external 
AV input 42 or TV tuner 44 into digital signals, selector 53S for selecting one of a digital video signal from ADC 52 and 
thumbnail picture data from video mixer 602 and sending selected data to video encoder 53, video encoder 53 which 



25 



CID: <EP 10S2644A1 J_> 



EP 1 052 644 A1 



uses buffer memory 57 as a work area, and formatter 56 for packing various data from audio data 54 and sub-picture 
encoder 55. 

[0359] Decoder 60 shown in FIG. 41 includes separator 62 for separating a playback pack transferred from data 
processor 36 into main picture, sub-picture, and audio data, audio/sub-picture decoder 65/68 for expanding (decoding) 
audio and sub-picture data separated by separator 62 by a predetermined method, video decoder 64 for expanding 
(decoding) main picture data separated by separator 62 by a predetermined method, and thumbnail picture generator 
64A for executing a process for displaying the decoded video stream as a thumbnail picture. 
[0360] In the arrangement shown in FIG. 41 , the processes upon video recording are done as follows. 
[0361] Upon receiving a video recording command, MPU 30 loads management data from disc drive 32, and deter- 
mines a write area in disc 1 0 (not shown). MPU 30 then sets a management area to write the determined area, and sets 
the write start address of video data in disc drive 32, thus preparing for recording data. 

[0362] MPU 30 resets the time of STC 30. Note that STC 38 is a system timer, and video recording/playback is 
done with reference to this timer value. At this time, PGC division setups are also made. 

[0363] As division conditions, division at given time intervals (FIG. 29), division based on a stereo/monaural switch- 
ing signal of an audio signal (FIG. 28), division based on a switching signal for aspect ratios 16:9 and 4 : 3 of an image 
mode, division based on a scene with an abrupt change in picture data which is determined upon encoding (FIG. 32), 
and the like may be used. 

[0364] MPU 30 sets the type of PGC division condition setup, and required parameters (e.g., the time interval upon 
division at given time intervals, or the like) in encoder 50. Furthermore, MPU 30 makes various other setups. 
[0365] In the arrangement shown in FIG. 41 , the flow of a video signal is as follows. 

[0366] In order to encode main picture data, selector 53S in encoder 50 is switched to the main picture selection 
side. 

[0367] A digital video signal obtained by A/D-converting by ADC 52 an external AV signal input from TV tuner 44 or 
AV input 42 is transferred to V encoder 53 via selector 53S. A digital audio signal A/D-converted by ADC 52 is trans- 
ferred to A encoder 54. If broadcast from TV tuner 44 includes character/superimposed dialog information (characters 
such as closed caption, teletext, and the like), that text signal is transferred to SP encoder 55. 

[0368] Furthermore, a stereo/monaural signal (or stereo/bilingual signal) used in PGC division is input from TV 
tuner 44 to encoder 50. 

[0369] The respective encoders (53 to 55) compress and packetize the input signals. (Note that packets are seg- 
mented and packetized to have a size of 2,048 bytes per pack.) These packetized signals are input to formatter 56. For- 
matter 56 determines and records presentation time stamp PTS and decoding time stamp DTS of each packet in 
accordance with the timer count value from STC 38 as needed. 

[0370] Formatter 56 temporarily saves packet data in buffer memory 57, and then packs the input packet data to 
mix them in units of GOPs of MPEG. Formatter 56 transfers a data stream appended with navigation packs at the head 
of each GOP as needed to data processor 36. At this time, the PGC divide address is sent to MPU 30 and is used as 
PGC division information. 

[0371] Data processor 36 in FIG. 41 forms ECC groups by combining packs in units of 16 packs (= 32 kbytes), 
appends error correction information to each ECC group, and sends these ECC groups to disc drive 32. In this case, 
when disc drive 32 is not ready to record on disc 10, ECC group data appended with error correction information are 
transferred to temporary storage 34A, and wait until drive 32 is ready to record. When disc drive 32 is ready to record, 
recording of data stored in temporary storage 34A on disc 1 0 starts. 

[0372] Note that a large-capacity memory, high-speed HDD, or the like is assumed as temporary storage 34A, 
since it must hold recording data for several min or more by high-speed access. 

[0373] Upon completion of video recording based on the data structure shown in FIGS. 2 to 4, MPU 30 generates 
and records PGC information table PGCIT (see FIGS. 20 and 21) in playback control information DA21 1 (see FIG. 3) 
in accordance with the previously received PGC divide address information. 

[0374] Note that MPU 30 can access data processor 36 via an MPU bus to read/write contents of a file manage- 
ment area and the like. 

[0375] In the arrangement shown in FIG. 41, the data processes upon playback are done as follows. 
[0376] Upon receiving a playback start command input by the user, MPU 30 loads the management area from disc 
drive 32 via data processor 36, and determines the playback address. MPU 30 then sends the determined address of 
playback data and a read command to disc drive 32. 

[0377] Disc drive 32 reads out sector data from disc 1 0 in accordance with the received command, and data proc- 
essor 36 makes error correction of the readout data and sends them to decoder 60 in the form of pack data 
[0378] In decoder 60, separator 62 receives the readout pack data and packetizes them. Then, video packet data 
(MPEG video data) is transferred to V decoder 64, and audio/sub-picture packet data to A/SP decoder 65/68 in corre- 
spondence with the data purposes. 

[0379] At the beginning of transfer of these packet data, presentation time stamp PTS of each packet is loaded to 
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STC 38. After that, the respective decoders (64, 65/68) execute playback processes in synchronism with the PTS value 
in packet data (while comparing PTS and STC values), thus displaying a moving picture with audio and superimposed 
dialog on a TV monitor (not shown). 

[0380] Upon generating thumbnail pictures for a user menu, MPU 30 issues a thumbnail display command (thumb- 
5 nail ON command) to V decoder 64, and designates the display positions to video mixer 62. In this manner, thumbnail 
pictures for a user menu can be displayed on a TV monitor (not shown). When the user selects data to be saved, thumb- 
nail picture data are transferred from V mixer 602 to V encoder 53 via selector 53S. The transferred thumbnail picture 
data are packetized by V encoder 53 and are packed by formatter 56, and pack data are recorded on disc 1 0 via data 
processor 36. 

w [0381 J Upon displaying thumbnail pictures for a user menu on a TV monitor (not shown) or the like, a thumbnail pic- 
ture-file saved as an independent file is flowed as stream packs, and is displayed by designating display positions in 
frame memory 604. At this time, if text data or the like is included, text is displayed below each thumbnail picture using 
a kanji ROM or the like. 

[0382] FIG. 42 shows the outer appearance of apparatus main body 200 of DVD video recorder shown in FIGS. 39 
15 to 41 , and an example of its front panel. 

[0383] When the user has pressed open/close button 5g of remote controller 5 (to be described later with reference 
to FIG. 43), disc tray inlet 202 shown in FIG. 42 opens forward. 

[0384] DVD-RAM or DVD-RW disc (a cartridge containing a disc) 10 or DVD-R disc (bare disc) 10 used in video 
recording is set on this disc tray. 
20 [0385] Subsequently, when the user has pressed open/close button 5g on remote controller 5, disc tray inlet 202 
closes, and disc (e.g., DVD-RW) 10 set on the tray is loaded into disc drive 32 in apparatus main body 200. Then, disc 
drive 32 is automatically started, and MPU 30 reads physical format information (including disc structure data, free 
space data of a blank disc, and the like) shown in FIG. 8. 

[0386] MPU 30 then reads control information DA21 (including playback control information DA21 1 , thumbnail con- 
25 trol information DA214, and the like) shown in FIGS. 2 to 4. When set disc 10 is a new DVD-RW disc (or DVD-RAM 
disc), an item "DVD-RW" on display unit (liquid crystal or fluorescent display panel) 48 of the DVD video recorder shown 
in FIG. 42 is displayed in an easy-to-see manner. Also, a recording time "00 (hour) : 00 (min) : 00 (sec)" Is displayed, 
and a recording title/chapter "00-00" is displayed (once video recording has been done, the recording title/chapter dis- 
play changes like "01 -01 "). 

30 [0387] If the apparatus default or user setup indicates a recording mode = MPEG2 and a recording average bit rate 
= 4 Mbps, items "MPEG2" and "4 Mbps" are displayed on display unit 48 to stand out. 

[0388] Furthermore, when video recording on set disc 1 0 has progressed, and the recordable time on that disc 1 0 
becomes small (e.g., 5 min), MPU 30 detects it (e.g., YES in ST422A in FIG. 51 ), and an item "DISC TO BE CHANGED" 
that prompts the user to exchange the disc is displayed on display unit 48 in an easy-to-see manner. 
35 [0389] The front panel of DVD video recorder main body 200 also has basic operation keys such as a power switch 
button, open/close key, playback key, stop key, chapter/program skip key, rewind key, fastforward key, recording start 
button (not shown), and the like. 

[0390] Note that FIG. 42 assumes a case wherein the DVD video recorder does not incorporate any disc changer 
1 00 in FIG. 39 (i.e., disc changer 1 00 is connected to apparatus main body 200 in FIG. 42 as an optional external device 
40 via a SCSI cable or the like). In such case, the above-mentioned item "DISC TO BE CHANGED" begins to be lit up or 
flicker slightly before disc 10 set in the apparatus main body is used up during video recording. After that when the 
remaining amount of disc 10 becomes zero, video recording automatically proceeds to one or more DVD-RW discs 10 
set in external disc changer 1 00. 

[0391] Alternatively, two or more DVD video recorders may be prepared, and their MPUs 30 may be connected by 
45 daisy chain via a. communication cable to attain relay recording using two or more DVD video recorders. In such case, 
"the first recorder may record using MPEG2/average bit rate = 4 Mbps for 1 hour, and the second recorder may record 
using MPEG2/average bit rate = 2 Mbps for 2 hours". 

[0392] In case of relay video recording using a plurality of DVD video recorders, a message reading, e.g., "recorder 
A records using MPEG2/average bit rate = 4 Mbps for 1 hour, and recorder B records using MPEG2/average bit rate = 

so 2 Mbps for 2 hours" may be displayed on the monitor screen. 

[0393] Note that the DVD video recorder shown in FIGS. 39 to 41 does not record any warning or messages to the 
user on disc 10. However, video recording information (video recording average bit rate, video recording channel 
number, video recording date/time, and the like) exemplified on the lower portion of the monitor screen shown in FIG. 
57 may be recorded on disc 1 0 for several seconds immediately after the beginning of video recording. 

55 [0394] FIG. 43 shows an example of remote controller 5 used to operate the DVD video recorder shown in FIGS. 
39 to 41. Fundamental operations may be made by operation keys provided to the front panel of DVD video recorder 
main body 200 shown in FIG. 42, but various kinds of operations that utilize the features of DVD are done by remote 
controller 5. 
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[0395] The functions (or the ways of use) of only keys that pertain to operations as the characteristic features of the 
DVD video player of those on remote controller 5 shown in FIG. 43 will be explained below. 

[Function of Power Key (POWER) 5a] 
[0396] 

•The power key turns on/off the secondary side of an AC power supply circuit of the apparatus main body. 
•When the power key is pressed while a disc is set inside the apparatus, the type of disc (DVD-RW, DVD-R, or DVD 
video) is determined and displayed. If that disc cannot be played back, a message indicating this is displayed. 

[Function of Open/close Key (OPEN/CLOSE) 5g] 

[0397] 

•The open/close key opens/closes the disc tray. When the open/close key is pressed during disc playback, the 
apparatus operation made so far ends, and the disc tray opens. The operation of key 5g is invalid during video 
recording. 

•When the open/close key is pressed while the disc tray is open, the disc tray is retracted into the apparatus main 
body. At this time, if a disc is set on the tray, its management information is read, and the type of set disc (DVD-RW, 
DVD-R, or DVD video) is displayed. If that disc cannot be played back, a message indicating this is displayed. 

[Function of Menu key (MENU) 5n] 

[0398] 

*When a disc is set on the tray, the root menu in the currently selected video title set recorded on the disc is played 
back and displayed. When no disc is set, an error (or warning) display is made (OSD). 

•When no root menu is included in the currently selected video title set, an error (or warning) display is made 
(OSD). 

*After a menu is played back by pressing this menu key during normal playback, when the control exits the menu 
display by pressing the menu key, playback restarts from the position played back before menu playback or a posi- 
tion designated by the menu. 

•When the menu key is pressed while the root menu is displayed, the display state returns to that before the root 
menu was displayed. 

[0399] In case of DVD RAM video (DVD-RW video), the user menu is used. That is, when no root menu is available 
on the disc but the user menu is available, the user menu is used upon operation of the menu key. 

[Function of Title Key (TITLE) 5p] 

[0400] 

•When a disc is set on the tray, and it records a title menu, the title menu is displayed. When no disc is set, an error 
(or warning) display is made (OSD). 

•When no title menu is recorded on the disc set on the tray, the following operations can be made while the disc is 
being played back (or in the halt state). 

[0401 ] More specifically, when the title key is pressed, the title number and chapter number are displayed on a given 
portion {e.g., the upper left corner) of the screen. When the title key is pressed once again, or when a predetermined 
period of time (e.g., 3 sec) elapses without any key operations after that, the title number and chapter number are 
cleared from the screen. 

[0402] When the title number (e.g., "1") and chapter number (e.g., "1") are displayed on the screen, and the user 
inputs a desired title number (e.g., "2"), the screen display changes to title number: 2" and 'chapter number 1". When 
the playback key is pressed in this state, or when the apparatus is unoperated for a predetermined period of time <e.g., 
2 sec), playback starts from chapter 1 of title 2. 

[0403] In this case, during the search for the title and chapter, the title number andchapter number to be searched 
out on display unit 48 are flickered to inform the user that a search is in progress. 
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[Function of Select Key/Cursor Key (Upward • Downward Triangular Mark Pair) 5q) 
[0404] 

5 *The select key/cursor key is used for item selection in a disc menu (a menu called by the title key or menu key) 

and item selection in the setup menu. For example, when a certain item is selected by pressing the upward or 
downward triangular mark on the select key/cursor key, if that item includes some choices, the leftward or rightward 
triangular mark of this select key/cursor key can be used to select one of these choices. 

•When the select key/cursor key is pressed during display of the setup value of one of an audio stream, sub-picture 
10 stream, and angle, if the upward triangular mark of this select key is pressed, the next stream or angle is selected; 
If the downward triangular mark is pressed, the immediately preceding stream or angle is selected. 
*Whenthe select key/cursor key is pressed during display of the title number by a character generator, if the upward 
triangular mark of this select key is pressed, the next title is selected; if the downward triangular mark is pressed, 
the immediately preceding title is selected. 

15 

[Function of End Key (END) Send] 
[0405] 

20 *This key is used when the user informs the apparatus of the end of selection/setup processes (to exit the process- 
ing loop). 

[Function of Confirmation Key (ENTER) 5s] 
25 [0406] 

*This key is used to confirm an item selected in the disc menu or setup menu. 

This key can also be used to confirm the title number and chapter number on the memory screen. 

30 [Function of Return Key (RETURN) 5r] 

[0407] 

*The return key is used to make a search for the address on the disc, which is set in advance by the title producer. 
35 More specifically, this key is pressed to issue an exit instruction from the menu or a return instruction to the play- 
back start (restart) point. Also, this key can be used to issue a return instruction to a selection branch point of mul- 
tistories that can be selected by the user, while one of the multistories is played back. 

[Function of Audio Key (AUDIO) 5aud] 

40 

[0408] 

*When the audio key is pressed during playback, the language name (when the type of audio stream is not music 
or the like but is a language) of the audio stream which is currently being played back is displayed (OSD) on the 
45 playback screen for a predetermined period of time (e.g., 3 sec) using a character generator (after the audio stream 
information recorded on the disc is checked). When the audio key is pressed once again during this display, audio 
data of the next audio stream number is played back. When this audio key operation is repeated, audio data (vari- 
ous languages) of audio streams recorded in that title are cyclically played back. 

*When select key/cursor key 5q is pressed while the audio stream setup value is displayed on the screen, an audio 
so stream next to or immediately preceding the currently set audio stream can be selected. Then, the contents of the 
selected audio stream are played back. 

*When the audio key is pressed during the halt state, the language name (when the type of audio stream is a lan- 
guage) of an audio stream set in the currently selected title is displayed on the blue-back screen for a predeter- 
mined period of time (e.g., 3 sec) using the character generator (after the audio stream information recorded on the 
55 disc is checked). When the audio key is pressed once again during this display, the next audio stream number is 
set. By repeating this audio key operation, the numbers of audio streams recorded in that title are cyclically set and 
displayed. 

*When select key/cursor key 5q is pressed while the audio stream setup value is displayed on the blue-back screen, 
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an audio stream next to or Immediately preceding the currently set audio stream is selected. 
[Function of Subtitle Key (SUBTITLE) 5sbt] 
[0409] 

*When the subtitle key is pressed during playback, the language name of a sub-picture stream which is currently 
being played back (when the type of sub-picture stream is a language) is displayed (OSD) on the playback screen 
for a predetermined period of time (e.g., 3 sec) using the character generator (after the sub-picture stream informa- 
tion recorded on the disc is checked). When the subtitle key is pressed once again during this display, sub-picture 
data of the next stream number is played back. By repeating this subtitle key operation, sub-picture streams 
recorded in that title are cyclically played back. 

*When select key/cursor key 5q is pressed while the sub-picture stream setup value is displayed on the screen, a 
sub-picture stream next to or immediately preceding the currently set sub-picture stream can be selected. Then, 
the contents of the selected sub-picture stream are played back. 

*When the subtitle key is pressed in the halt state, the language name of the sub-picture stream set in the currently 
selected title (when the type of sub-picture stream is a language) is displayed on the blue-back screen for a prede- 
termined period of time (e.g., 3 sec) using the character generator (after the sub-picture stream information 
recorded on the disc is checked). When the subtitle key is pressed once again during this display, the next sub-pic- 
ture stream number is set. By repeating this subtitle key operation, the numbers of sub-picture streams recorded in 
that title are cyclically set and displayed. 

*When select key/cursor key 5q is pressed while the sub-picture stream setup value is displayed on the blue-back 
screen, a sub-picture stream next to or immediately preceding the currently set sub-picture stream is selected. 

[Function of Subtitle ON/OFF Key (SUBTITLE ON/OFF) 5v] 

[0410] 

*This key is used to turn on/off sub-picture (subtitle) display. 

*When the subtitle ON/OFF key is pressed while video playback is in progress and sub-picture display is made 
(sub-picture display ON setup state), the sub-picture stream number setup value is turned off, and after the setup 
value is displayed (OSD) for a predetermined period of time (e.g., 3 sec) by the character generator, sub-picture 
data is cleared from the screen. 

*When the subtitle ON/OFF key is pressed while video playback is in progress but no sub-picture display is made 
(sub-picture display OFF setup state), the sub-picture stream number setup value is turned on, and after the setup 
value is displayed for a predetermined period of time (e.g., 3 sec) by the character generator, sub-picture data of 
the language corresponding to the ON stream number is played back (when sub-picture data is recorded on the 
disc which is being played back). 

*When the subtitle ON/OFF key is pressed while video playback halts, the sub-picture display alone can be turned 
on/off. 

[Function of Angle Key (ANGLE) Sang] 
[0411] 

*When the title having the angle block formed by multiangle information is selected, and the angle key is pressed 
while this angle block (angle period) is being played back, the currently played-back angle number is displayed 
(OSD) for a predetermined period of time (e.g., 5 sec) by the character generator. When the angle key is pressed 
once again during this angle number display period, the same time point of a cell with the next angle number is 
obtained by a search, and playback starts from there. 

[0412] When the angle key is further pressed during the angle number display period, the recorded angle numbers 
are cyclically selected, and playback of the selected angle restarts. 

*When the angle number is displayed on the screen by the character generator, a desired angle number can be 
directly selected by operating a ten-key pad (not shown) (if an angle number which does not exist in the angle block, 
playback of which is in progress, is input using the ten-key pad, that key input is invalid). Alternatively, the angle 
number can be increased/decreased using select key/cursor key 5q. 
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*When angle switching is done during playback of a still picture in a cell of the multiangle block, a similar playback 
time search is made and a still picture in another angle found by the search is played back. 

[0413] When the angle key is further pressed during the angle number display period, the recorded angle numbers 
5 are cyclically switched, and a still picture in the selected angle is played back. 

[Function of Display Key (DISPLAY) 5u] 

[0414] 

10 

*When this key is pressed in the halt or playback state, a display corresponding to various key operation contents 
at that time is made (on display unit 48 of the apparatus main body and/or on the screen of monitor 6). 

[Function of Setup Key (SETUP) 5y] 

75 

[0415] 

*This key is used to call the setup menu for attaining various setups (e.g., to set the screen size/aspect ratio, angle 
mark, parental lock, desired spoken language type, desired superimposed dialogue language type, desired menu 
20 language type, auto-angle mode, and the like), and is effective only in the playback halt state. 

*When this setup key is pressed while the setup menu is displayed, the setup menu display is cleared, and the play- 
back halt state (blue-back screen) is set. 

[0416] The functions of the aforementioned keys are common to those of a DVD video player (read-only machine), 
25 but remote controller 5 of the DVD video recorder further has keys with the following functions. 

[Function of Video Recording Mode Key 5rmd] 

[0417] 

30 

*Every time this key is pressed in the video recording halt or pause state, the video recording mode is cyclically 
switched like MPEG2/8 Mbps -> MPEG2/6 Mbps -» MPEG2/4 Mbps -> MPEG2/2 Mbps -> MPEG1/2 Mbps -> 
MPEG1/1 Mbps -> automatic picture quality mode -> MPEG2/8 Mbps 

35 [0418] When the user requires quality as high as an NTSC broadcast studio, he or she selects MPEG2/8 Mbps 
although the video recording time becomes short. When the user wants to obtain picture quality equal to or higher than 
the S-VHS video standard mode by slightly prolonging the video recording time, he or she selects MPEG2/6 Mbps or 
MPEG2/4 Mbps. When the user wants to obtain picture quality as high as the S-VHS video x3 mode by further prolong- 
ing the video recording time, he or she selects MPEG2/2 Mbps. When the user need only obtain picture quality as high 

40 as normal VHS (or video CD), the video recording time can be further prolonged by selecting MPEG 1/2 Mbps or 
MPEG 1/1 Mbps. 

[Function of Video Recording Key 5rec] 
45 [0419] 

*When this switch is pressed when DVD-RW (or DVD-R) disc 10 set in the main body shown in FIG. 42 has a free 
space and initial setups for video recording (selection of MPEG2/MPEG1 , setups of recording average bit rate, and 
the like) have already been done, recording starts. 

50 

[0420] When the user presses this recording key without such initial setups, default setup values are automatically 
selected as the initial setup values, and recording starts. 

[Function of Display Mode Key 5dm] 

55 

[0421] 

•Every time this key is pressed while recordable DVD-RAM/DVD-RW (or DVD-R) disc 10 is set in main body 200 
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shown in FIG. 42, OSD display (or display unit 48 of the apparatus main body) is switched to have the following con- 
tents: 

(1) Video recording source (TV channel number or AV input number) + current date; 

(2) Current title set number, recorded time, remaining recordable time + average recording rate at that time; 

(3) Display OFF 

[0422] Note that contents (1) and (2) may be simultaneously displayed, as will be exemplified in FIG. 57. 

[Function of OSD Key 5osd] 

[0423] 

*When this key is pressed while MPU 30 shown in FIGS. 39 to 41 outputs character (or picture) data for OSD dis- 
play, OSD display contents that the user does not desire (for example, a warning message on the upper portion of 
the screen in FIG. 57) are cleared from the monitor screen. When this key is pressed once again, OSD data output 
from MPU 30 is displayed on the monitor screen. 

[Function of Timer Key 5tme] 

[0424] 

•When this key is pressed, MPU 30 shown in FIGS. 39 to 41 outputs (OSD) a timer reservation menu (including a 
table for designating a desired video recording channel, reserved video recording date, video recording mode, 
average recording rate, and the like for each reserved program) onto the screen of a monitor (not shown). On this 
menu, a program can be reserved by using cursor key 5q, enter key 5s, and the like. 

*After timer reservation operation, when this timer key 5tme and video recording key 5rec are simultaneously 
pressed while recordable DVD-RW (or DVD-R) disc 10 is set in main body 200 shown in FIG. 42, the DVD video 
recorder shown in FIGS. 39 to 41 enters a reserved video recording mode (timer video recording standby state). 

[Function of Menu Edit key 5edt] 

[0425] 

*When this key is pressed, MPU 30 shown in FIGS. 39 to 41 enters a user menu edit mode (the user menu edit 
process will be described later with reference to FIGS. 60 and 61 and FIGS. 68 to 71). 

[0426] FIG. 44 is a block diagram showing an example of a recording amount detection circuit (without transfer 
clocks) for detecting the number of recorded bytes of information recorded on disc 10 by counting the number of 
recorded bytes in the DVD video recorder shown in FIGS. 39 to 41. FIG. 45 is a timing chart for explaining the count 
timings of recorded bytes by counter 31 in FIG. 44. 

[0427] DVD recording data formatted by formatter 56 in encoder 50 in FIGS. 39 to 41 is formed by a sequence of a 
plurality of data packs (2,048 bytes per pack) 86 to 91 , as shown in FIG. 1 1 . 

[0428] When MPU 30 in FIG. 44 instructs recording of the DVD recording data via an MPU bus, data processor 36 
sends request signal RS (upper signal in FIG. 45) for requesting transfer of data PD of the data packs to encoder 50. 
Upon reception of request signal RS, encoder 50 (formatter 56) outputs acknowledge signal AS that confirms reception 
of this request to data processor 36 (lower signal in FIG. 45). Simultaneously with the output of acknowledge signal AS, 
encoder 50 (formatter 56) transfers data PD for one byte to data processor 36. That is, encoder 50 (formatter 56) out- 
puts one-pulse acknowledge signal AS every time it transfers 1 byte to data processor 36. 

[0429] Acknowledge signal AS is input to counter 31. Counter 31 counts up its contents by 1 in response to the 
leading edge (trigger point ta in FIG. 45) of signal AS, and holds the contents after the counting-up. The contents of 
counter 31 are sent back to MPU 30 via the MPU bus. 

[0430] MPU 30 detects the number of bytes (i.e., the number of bytes recorded on disc 10) transferred from 
encoder 50 (formatter 56) to data processor 36 on the basis of the contents (count value) of counter 31 . The number of 
data (the number of bytes) transferred to data processor 36 represents the data amount recorded on disc 1 0. 
[0431] By subtracting the recorded data amount (count value bytes) from the free space (the value written in 
FREE_SPACE in VMGI.MAT in FIG. 15 or FREE_SPACE in RECJvlAT in FIG. 19) of disc 10, the remaining amount 
(the number of bytes that can be recorded) of disc 1 0 can be determined. Furthermore, when this remaining amount is 
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divided by the average recording rate, the remaining time (indicating a predicted value of how much longer data can be 
recorded) of disc 10 can be determined. 

[0432] FIG. 46 is a block diagram showing another example of the recording amount detection circuit (with transfer 
clocks) for detecting the number of recorded bytes of information recorded on the disc in FIG. 1 by counting the number 
5 of recorded bytes in the DVD video recorder shown in FIGS. 39 to 41 . FIG. 47 is a timing chart for explaining the count 
timings of recorded bytes by a counter in FIG. 46. 

[0433] In the example shown in FIG. 46, transfer clock signal CK is output to encoder 50 every time pack data PD 
is transferred from encoder 50 to data processor 36. 

[0434] That is, when data processor 36 sends a request signal (upper signal in FIG. 47) to encoder 50 in accord- 
10 ance with an instruction from MPU 30, encoder 50 sends back acknowledge signal AS (middle signal in FIG. 47) to data 

processor 36. Acknowledge signal AS is not generated every time 1 byte is transferred, but is a gate signal which is 

active during the transfer period for the number of bytes to be transferred. Transfer clock signal CK (lower signal in FIG. 

47) output from encoder 50 is sent to data processor 36 as a synchronization signal for byte transfer. 

[0435] Acknowledge signal AS is supplied to the first input of OR gate 33 as the gate signal. The second input of 
15 OR gate 33 receives transfer clock signal CK. Then, OR gate 33 counts up its contents by 1 in response to each leading 

edge (each of a plurality of trigger points tb in FIG. 47) of transfer signal CK during the active (logical "0") period of 

acknowledge signal AS, and holds the contents after the counting-up. The contents of counter 31 are sent back to MPU 

30 via the MPU bus. 

[0436] MPU 30 detects the number of bytes (the number of recorded bytes) transferred from encoder 50 to data 
20 processor 36 on the basis of the contents (count value) of counter 31 . The contents of counter 31 represent the data 
amount recorded on disc 10. By subtracting (count value bytes) from the free space of disc 10, the remaining amount 
of disc 10 can be determined. Furthermore, when this remaining amount is divided by the average recording rate, the 
remaining time of disc 10 can be determined. 

[0437] FIG. 48 is a block diagram for explaining the recording/playback function of the DVD video recorder shown 
25 in FIGS. 39 to 41 implemented using a versatile personal computer. Personal computer 1 000 shown in FIG. 48 may use 
dedicated hardware, or a versatile personal computer with a general arrangement. 

[0438] More specifically, internal bus 1002 of personal computer 1 000 is connected with main CPU 1004, basic I/O 
system ROM (BIOS • ROM) 1008, main memory 1010, video memory 1012, floppy disc drive (FDD) 1022, keyboard I/O 
device 1024, mouse I/O device 1026, communication I/O device 1028, and the like. Main CPU 1004 is directly con- 
30 nected to cache memory 1 006 via a dedicated high-speed bus. 

[0439] Internal bus 1 002 of personal computer 1 000 has a plurality of versatile bus slots (not shown). These slots 
receive SCSI interface (SCSI board) 1014, DVD processor board 1030, video I/O device (video card) 1032, audio I/O 
device (audio card) 1034, and the like. 

[0440] SCSI board 1 01 4 is connected with SCSI hard disc drive (HDD) 1 01 8, and SCSI DVD- ROM/DVD- RAM com- 
35 patible drive 1 020 (drive 1 020 may also be compatible with a CD). 

[0441] Video card 1 032 is connected with high-resolution bitmap display (analog RGB type) 6, and audio card 1 034 
is connected with a pair of 2-channel stereophonic loudspeakers 8 (if card 1034 has no power amplifier, the power 
amplifier may be incorporated in loudspeakers 8 or a stereophonic amplifier (not shown) may be inserted between card 
1 034 and loudspeakers 8). 

40 [0442] DVD processor board 1 030 in FIG. 48 has hardware corresponding to devices 38, 50, 60, and the like shown 
in FIGS. 39 to 41 . Disc drive 32 shown in FIGS. 39 to 41 corresponds to DVD-ROM/RAM drive 1020 in FIG. 48. 
[0443] The storage area of memory 1 01 0 or video memory 1 012 in FIG. 48 may be partially used as temporal stor- 
age 34 (or 34A/34B), buffer memory 57, or memory 63 of the separator in FIGS. 39 to 41 , as needed. 
[0444] Furthermore, hard disc 1018 in FIG. 48 can also be partially used as temporal storage 34 (or 34A/34B) in 

45 FIG. 39 to 41 . If hard disc 1018 is a disc having a storage size as large as several Gbytes (e.g., 3 to 5 GB), a predeter- 
mined area (for 2.6 GB) in this disc may be partitioned and may be used as virtual DVD-RAM (or DVD-RW or DVD-R) 
disc 10. 

[0445] The functions of the operation keys of DVD video recorder main body 200 in FIG. 42 can be assigned to a 
keyboard (not shown) connected to keyboard I/O device 1024 in FIG. 48. Also, the functions of various keys (buttons 
so and cursors) of remote controller 5 in FIG. 43 can be assigned to a keyboard (not shown) connected to keyboard I/O 
device 1 024 in FIG. 48, a mouse (not shown) connected to mouse I/O device 1 026, or an external controller (not shown) 
connected to communication I/O device 1 028. 

[0446] Typical data processing in the DVD video recorder shown in FIGS. 39 to 41 includes video recording (includ- 
ing variable bit rate recording of a moving picture and fixed bit rate recording of audio or sub-picture data), playback 
55 (reading), and special processes. 

[0447] The recording process includes normal recording (FIG. 49) and timer reservation video recording. 

[0448] The playback process is substantially the same as that of a DVD video player (the processing corresponding 

to the key operations of remote controller 5 shown in FIG. 43), but includes some processes unique to the present 
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invention, since the present invention relates to a DVD video recorder: setup processing of a played back flag (read flag) 
for a recorded program (video title set VTS) that has been played back once, and setup processing of an archive flag 
for a recorded program (VTS) which is protected from being erased (to be permanently saved) (FIGS. 54 to 56, FIGS. 
58 and 59). 

[0449] Furthermore, the special process includes processing (FIG. 51) for monitoring the remaining amount of a 
video recording disc, display processing (FIGS. 52 and 53) in case of a small remaining amount, disc arranging 
processing for increasing the free space of a disc by selectively erasing specific programs in the recorded disc, disc 
exchange processing for exchanging a recording disc when the disc is used up during video recording, processing for 
setting the average recording rate for video recording, MPEG switching processing for selecting a moving picture 
recording mode (MPEG2 or MPEG1), dummy insertion cancel processing for increasing the remaining amount when 
the remaining amount of the disc becomes small during recording, processing for initializing the played back flag and 
archive flag upon completion of normal video recording, user menu edit processing (FIGS. 60 and 61), user menu file 
automate creation processing (FIG. 62), search processing (FIGS. 63 and 64) using the user menu, and processing 
(FIGS. 65 to 67) upon playing back the user menu. 

[0450] The recording, playback, and special processes will be described hereinafter with reference to the flow 
charts in FIGS. 49 to 56 and FIGS. 58 to 67, monitor display example in FIG. 57, and user menu explanatory views in 
FIGS. 68 to 71. 

[0451] FIG. 49 is a flow chart for explaining an example of video recording of the DVD video recorder shown in 
FIGS. 39 to 41. 

[0452] Upon reception of a video recording command from remote controllers or a timer reservation program, MPU 
30 in FIGS. 39 to 41 reads management data (control information DA21 in FIGS. 2 to 4, VMGI in FIG. 5, or the like) of 
DVD-RAM (or DVD-R) disc 1 0 set in disc drive 36 from disc drive 32 (step ST1 0). 

[0453] It is checked based on free space information (FREE_SPACE in REC_MAT in FIG. 1 9 or FREE_SPACE in 
VMGLMAT in FIG. 15) in the read management data if set disc 10 has a free space (step ST12). 
[0454] If the contents of the free space information (FREE_SPACE) indicate zero or substantially zero (the disc will 
become full of data several seconds after the beginning of recording) (NO in step ST12), an OSD display with the con- 
tents "no recording space remaining" is output onto a monitor TV screen (not shown) (step ST14). At this time, a mes- 
sage "NO REC SPACE" (not shown) having the same meaning as "no recording space remaining" may be displayed on 
a given portion of display unit 48 of apparatus main body 200 shown in FIG. 42. 

[0455] If some free space remains, e.g., if FREE_SPACE indicates 150 Mbytes or more corresponding to an 
MPEG2 video recording time of approximately 5 min at an average rate of 4 Mbps, the control advances to the next 
process. In this case (YES in step ST12), a write address (the head position of the free space) on set disc 10 is deter- 
mined, and a free space value corresponding to the free space information (FREE_SPACE) read from the management 
data on disc 10 is written in register "FreeAr" allocated on the internal RAM of MPU 30 (step ST16). 
[0456] Note that the "free space value" written in register "FreeAr" is expressed using 2,048 bytes, which corre- 
spond to the size of one logical sector in FIG. 1 or one pack in FIGS. 11 to 13, as one unit of video recording. 
[0457] When disc 1 0 is designed to record data in a normal file format, uses a file allocation table (FAT) to manage 
the recording contents, and has no free space information mentioned above, the number of free clusters (the number 
of free blocks) may be read out from the FAT, and may be multiplied by the number of bytes per cluster (block) to com- 
pute the free space of that disc. 

[0458] Data is written in the management area of set disc 1 0 (step ST18). For example, video title set VTS corre- 
sponding to a program to be recorded is registered in video manager information VMGI and files that relate to this VTS 
are created. 

[0459] More specifically, if this video recording is the first one for that disc 1 0, VTS#1 in FIG. 5 is registered, and its 
related files (see the respective files in the VTS directory in FIG. 9) are created in step ST1 8. If VTS#1 has already been 
registered in disc 1 0 and some free space remains on that disc 1 0, registration of VTS#2 and creation of its related files 
are done in step ST1 8. 

[0460] Then, initial setups for video recording are done (step ST20). In this initial setups, the encoders (53 to 55) in 
FIGS. 39 to 41 are initialized (to set the average transfer rate, i.e., average recording rate of V encoder 53 and the like), 
system time counter STC is reset, the write start address is set in disc drive 32, formatter 56 is initialized (to set dummy 
pack insertion, PGC divide mode PGC divide time, cell divide time, and the like), and so forth (e.g., resetting of the 
counter in FIG. 44 or 46, and the like). 

[0461] There are various PGC divide modes (source mode, time divide mode, marker key mode, user action mode, 
picture abrupt change point mode, and the like), as has been explained with reference to FIGS. 28 to 32. Of these 
modes, if the time divide mode (FIG. 29) is selected, the divide time interval is also set in the initial setups in step ST20. 
[0462] Upon completion of initial setting for video recording (ST20), a video recording start setup is made {step 
ST22). With this setup, MPU 30 sends video recording start commands to the respective encoders <53 to 55) in encoder 
50 to start video recording on the free space of disc 10 set in disc drive 32. 
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[0463] After that, upon reception of a video recording end input (i.e., if the user instructs the end of video recording 
or the timer reservation program issues a video recording end command) (YES in step ST24), a video recording com- 
pletion process (step ST34) is executed, thus ending video recording shown in FIG. 49. 

[0464] The recording completion process in step ST34 includes initialization of the respective encoders (53 to 55) 
5 in FIGS. 39 to 41 (to reset their recording rates to default setup values, and the like), initialization of formatter 56 (to 
reset various setup values to default values, and the like), a write pertaining to video manager information (to update 
the contents of FREE_SPACE in FIG. 15 or 19 and the like), and a write pertaining to video title set information (to 
update the contents of PGCI in FIG. 3 or 24 and the like). 

[0465] If no video recording end input is detected (NO in step ST24), and video recording continues, a process for 
10 computing the remaining amount of disc 10 in which data is being recorded (see FIG. 51) is executed parallel to video 
recording (step ST26). If it is determined in this process that the remaining amount of disc 1 0 is smaller than a prede- 
termined value (the remaining amount monitoring process; "1" is set in a minimum space flag in FIG. 51), the control 
enters a process for a small remaining amount (see FIG. 52). 

[0466] Upon completion of the process (the remaining amount computation process, remaining amount monitoring 
15 process, and process for a small remaining amount) in step ST26, if a program chain which is undergoing video record- 
ing has changed {YES in step ST28), that change point (PGC divide address) is saved in the internal work memory of 
MPU 30 as PGC division information described previously with reference to FIG. 40 or 41 (step ST30). The saved con- 
tents (PGC Information) of this work memory are used to create program chain information PGCI in the video recording 
end process (step S34). 

20 [0467] After this process, if it is determined that disc 1 0 in which data is being recorded has no more recordable 
amount (YES in step ST32; zero remaining time in step ST422B in FIG. 52), the recording completion process in step 
ST34 above is executed, 

[0468] As a result of the process in step ST26, if it is determined that some recordable amount still remains on disc 
10 in which data is being recorded (NO in step ST32), the loop of steps ST24 to ST32 repeats itself until the video 
25 recording end input is detected (YES in step ST24) or no more recordable amount remains (YES in step ST32). 

[0469] FIG. 50 is a flow chart for explaining the processing sequence of various processes executed during video 
recording shown in FIG. 49. 

[0470] The first interrupt is produced in response to an interrupt to data processor 36, which indicates completion 
of transfer of one pack. 

30 [0471] In this interrupt, factors of interrupt are checked. If the factor of interrupt is counting-up of the number of 
recorded packs (an increment of recorded packs; RECpack++), the contents of counter 31 in FIG. 44 or 46 are counted 
up. 

[0472] On the other hand, when the data structure shown in FIGS. 2 to 4 without navigation packs (see FIG. 72) is 
adopted, an interrupt of a process for counting the timer value of STC 38 and displaying that count value (displaying an 
35 elapse of playback time) is executed at given time intervals (e.g., every 1 sec). 

[0473] FIG. 51 is a flow chart for explaining the process for monitoring the recordable remaining amount on the disc 

which is to undergo recording. This process corresponds to step ST26 in FIG. 49. 

[0474] initially, the contents of register FreeAr set in step ST16 in FIG. 49 are updated. 

[0475] More specifically, before the beginning of the current video recording, the number of recorded packs is sub- 
40 traded from the free space set in register FreeAr. This "free space - the number of recorded packs" indicates the free 
space that remains on disc 1 0 in which data is being recorded at that time. The updated free space is re-set in register 
FreeAr as the remaining amount. Then, the contents of register FreeAr have information indicating the remaining 
amount which decreases monotonously as recording progresses. 

[0476] Note that the number of recorded packs is obtained by dividing the accumulated number of recorded bytes 
45 counted by counter 31 in FIG. 44 or 46 by 2,048 bytes as one pack size, in case of hardware processes. That is, 
"the number of recorded packs = the accumulated number of recorded bytes + 2,048 bytes 

[0477] In case of software processes, RECpack obtained by the interrupt process in units of packs indicates the 
number of recorded packs, as shown in FIG. 50. 

[0478] If the contents (remaining amount) of register FreeAr are equal to or larger than a predetermined value (NO 
50 in step ST422A in FIG. 51 ), a minimum space flag is set at "0" (step ST424A); if the remaining amount is smaller than 
the predetermined value (YES in step ST422A), the minimum space flag is set at "1" (step ST426A). 
[0479] The "predetermined value" in step ST422A need not always be fixed at a given value. In the example shown 
in FIG. 51, 150 Mbytes corresponding to approximately 5 min of MPEG2 video recording at an average bit rate of 4 
Mbps are used as the predetermined value. 
55 [0480] That is, when MPEG2 video recording continues at an average bit rate of 4 Mbps, if the minimum space flag 
is "0", it is expected that video recording for 5 min or more can be made; if the minimum space flag is "1 it is expected 
that disc 10 in which data is being recorded is used up within 5 min. (Since MPEG2 video recording is variable bit rate 
recording, the remaining recordable time computed based on the average bit rate includes errors. That is, even when 
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the remaining amount obtained in step ST420A in FIG. 51 is accurate, the remaining recordable time varies depending 
on the subsequent recording contents. Hence, the estimated recordable time of 5 min is not so accurate. This value "5 
min" is merely a yardstick.) 

[0481] FIG. 52 is a flow chart for explaining an example of the process for a small remaining amount executed in 
correspondence with the result (the contents of the minimum space flag) of the process for monitoring the remaining 
amount in FIG. 51. FIG. 57 shows a display example of a warning display, average recording rate, and the remaining 
recordable time at that rate, and the like when the remaining amount of the disc in which data is being recorded is small, 
on the monitor TV screen. 

[0482] If the minimum space flag in FIG. 51 is "0" (YES in step ST420B), since disc 10 in which data is being 
recorded still has a remaining amount, the process in FIG. 52 ends, and the control advances to the next process. 
[0483] On the other hand, if the minimum space flag is "1" (NO in step ST420B), it is determined that disc 10 in 
which data is being recorded will become full of data soon. In this case, a value obtained by dividing [the free space 
(using 2,048 bytes as one unit for recording) written in register FreeAr x 2,048 bytes] by the average bit rate at that time 
(512 kbytes/sec obtained by converting 4 Mbps into bytes) is the estimated "remaining time* (step ST422B). 
[0484] MPU 30 in FIGS. 39 to 41 OSD-displays on the monitor TV a message "remaining time is approximately 5 
min at 4 Mbps" using the "remaining time" computed in step ST422B and the average transfer rate (recording bit rate) 
set in step ST20 in FIG. 49, or "remaining time is approximately 5 min in standard picture quality mode" assuming that 
4 Mbps correspond to standard picture quality. In this case, the TV channel number in video recording, video recording 
date/time, and the like may be simultaneously OSD-displayed. Furthermore, simultaneously with OSD display in step 
ST424B, a warning message for guiding the user as to how to proceed with video recording (see the upper portion of 
the monitor screen in FIG. 57) may be OSD-displayed. 

[0485] The OSD display contents such as the warning message and the like may be written in advance in the ROM 
in MPU 30 in FIGS. 39 to 41. 

[0486] Let A be the number of recorded packs written at given time intervals, and B be the previous number of 
recorded packs written before A packs are written. Then, in MPEG recording at a variable bit rate, the instantaneous 
value of the recording rate that changes constantly can be obtained from the absolute value of [A - B] (unit = pack; 2,048 
bytes per pack = 1 6,384 bits). More specifically, if T (sec) represents the predetermined time, the instantaneous record- 
ing rate (bps) can be computed by the absolute value of [A - B] x 1 6,384 -f T (sec) . The "remaining time" may be com- 
puted using the instantaneous recording rate in place of the average recording rate. In such case, the remaining time 
does not always monotonously decrease as recording progresses. However, even when this instantaneous recording 
rate is used, the remaining time can be computed and the user or the like can be informed thereof. 
[0487] FIG. 53 is a flow chart for explaining another example of the process for a small remaining amount executed 
in correspondence with the result (the contents of the minimum space flag) of the process for monitoring the remaining 
amount in FIG. 51. 

[0488] If the minimum space flag in FIG. 51 is "1" (NO in step ST420C), it is determined that disc 10 in which data 
is being recorded will become full of data soon. In this case, MPU 30 in FIGS. 39 to 41 turns on a disc change indicator 
"DISC TO BE CHANGED" on display unit 48 of apparatus main body 200 in FIG. 42 (by continuously lighting the indi- 
cator illuminated with backlight or flickering it) (step ST422C). At the same time, M PU 30 OSD-displays a warning mes- 
sage (see the upper portion of the monitor screen in FIG. 57) that prompts the user to change a disc (step ST426C). 
[0489] If the minimum space flag is "0" (YES in step ST420C), it is determined that disc 10 in which data is being 
recorded is still recordable. In this case, MPU 30 in FIGS. 39 to 41 turns off the disc change indicator "DISC TO BE 
CHANGED" on display unit 48 of apparatus main body 200 in FIG. 42 (step ST424C). 

[0490] After execution of the process in step ST426C or ST422C, the process in FIG. 53 ends, and the control 
advances to the next process. 

[0491] FIG. 54 is a flow chart for explaining an example of playback operation of the DVD video recorder. 

[0492] The flow of a video signal upon playback in the DVD video recorder shown in FIGS. 39 to 41 will be briefly 

described first. 

[0493] Upon reception of a playback command by, e.g., remote controller operation by the user, MPU 30 in PIGS. 
39 to 41 reads the management area of disc 10 from disc drive 32 via data processor 36, thus determining the address 
to be played back. 

[0494] MPU 30 then sends the determined address of data to be played back and a read command to disc drive 32. 
[0495] Disc drive 32 reads out sector data from disc 10 in accordance with the received command. Readout data 
are error-corrected by data processor 36, and are sent to decoder 60 in the form of pack data. 
[0496] In decoder 60, the readout pack data are received by separator 62. Separator 62 packetizes the received 
pack data. Then, separator 62 transfers video packet data (MPEG video data) to video decoder 64, audio packet data 
to audio decoder 68, and sub-picture packet data to SP decoder 65 in correspondence with their purposes. Also, a nav- 
igation pack is saved in the internal memory (RAM) of MPU 30. In this fashion, MPU 30 can access the contents of the 
navigation pack in its internal memory as needed. 
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[0497] At the beginning of transfer of each packet data output from separator 62, presentation time stamp PTS is 
loaded into system time counter STC 38. More specifically, MPU 30 sets PTS included in the navigation pack in STC 
38, or video decoder 64 automatically sets PTS of video data in STC 38. 

[0498] After that, the respective decoders (64, 65, 68) play back in synchronism with the PTS values in packet data 
(while comparing PTS and STC values), and supply, e.g., moving picture data with audio and superimposed dialog data 
to an external monitor TV via AV output 46. 

[0499] When DVD-RAM/DVD-RW disc (or DVD-R disc) 1 0 is set in the DVD video recorder that plays back in such 
way, recorded data is read from the lead-in area of that disc 1 0. If the read lead-in data contains data that cannot be 
recognized by the DVD video recorder in FIGS. 39 to 41 or if error correction of the read data fails (NG in step ST300), 
the DVD video recorder executes an error process (step ST302) to stop playback. In this error process, for example, a 
display output "this disc cannot be played back" is made. 

[0500] If the read data is free from any errors or if error correction is successful even when errors have been pro- 
duced and the read lead-in data can be recognized by the DVD video recorder shown in FIGS. 39 to 41 (OK in step 
ST300), the DVD video recorder reads management data (VMGI) of that disc (step ST304). Or the recorder reads 
75 another management data (control information CTRI, i.e., DA21 in FIG. 2) (step ST305). 

[0501] Then, one or more title sets recorded on set disc 1 0 are displayed on a TV monitor (not shown) in the form 
of a menu. The user who watched the menu selects a desired title set using cursor key 5q on remote controller 5 in FIG. 
43, and then presses enter key 5s to determine that title set (step ST306). 

[0502] After the title set to be played back is determined in such way, MPU 30 in FIGS. 39 to 41 reads information 
20 VTSI (FIG. 24) of the selected video title set VTS from set disc 1 0. MPU 30 then stores program chain information PGCI 
(FIG. 24) in the work area of its internal RAM (step ST308). 

[0503] After that (after the process in step ST305 or ST305), if the determined title set contains a plurality of titles 
(or a plurality of chapters), the user selects and determines the title (chapter) to be played back from the menu by oper- 
ating the remote controller (step ST31 0). 
25 [0504] In this way, the program number and cell number (e.g., PGC#1 and CJDN#1 in FIG. 4) of the title to be 
played back are determined (step ST312). 

[0505] Subsequently, MPU 30 in FIGS. 39 to 41 refers to program chain information PGCI (FIG. 3 or 24) stored in 
its RAM. MPU 30 initially sets MPEG video decoder 64, sub-picture decoder 65, and audio decoder 68 in correspond- 
ence with the initial setups upon video recording (step S314). 
30 [0506] After the initial setups, a pre-processing command is executed (step ST316), and the control then enters a 
cell playback process (step ST31 8). With this cell playback process, for example, cells that form program chain PGC#1 
in FIG. 4 are played back in turn. 

[0507] If the last cell has not been reached yet in cell playback (NO in step ST320), cell playback progresses (a loop 
of ST31 8 to ST322) while counting up a cell number counter (not shown) every time one cell has been played back (step 
35 ST322). 

[0508] If the last cell has been reached in cell playback (YES in step ST320), MPU 30 executes a still process of 
PGC#1 played back so far (to present one frame of the last cell of that PGC as a still picture for a predetermined period 
of time). 

[0509] If the still time has elapsed, MPU 30 executes a predetermined post-processing command (step ST326). If 
40 it is determined that playback is not to end (NO in step ST328), the flow returns to step ST31 6. 

[0510] After the still time has elapsed and the post-processing command is executed (step ST326), if it is deter- 
mined that playback is to end (e.g., if the user has pressed a stop key on remote controller 5) (YES in step ST328), MPU 
30 enters the process shown in FIG. 55. 

[0511] FIG. 55 is a flow chart for explaining updating of the archive flag and played back flag upon completion of 

45 playback in the sequence shown in FIG. 54. 

[0512] A menu (not shown) or the like that inquires of the user as to whether the title set played back so far is to be 
permanently saved (or to be prevented from being erroneously erased) is OSD-displayed on the monitor TV. If the user 
selects to save that title set (YES in step ST330), MPU 30 sets "1" in the archive flag in the video title set information 
(FIG. 17) or in the recording management table (FIG. 19) (step ST332). On the other hand, if the user selects not to 

so save that title set permanently (NO in step ST330), "0" is set in this archive flag (step ST334). 

[0513] After the archive flag is set, the played back flag (FIG. 1 7 or 1 8) of the title set or video object that has been 
finished to play back is set at "1" (step ST336), and other processes upon completion of playback (a stop command is 
output to disc drive 32, an indication "STOP" is made on display unit 48, and so forth) are executed (step ST338), thus 
ending the playback process in FIGS. 54 and 55. 

55 [051 4] With this playback process, if the user determines that a given program which has already been played back 
is erasable, such program is automatically set to be erasable (erasable by overwrite) using the played back flag ("1"). 
Also, a program which has already been played back but is to be saved can be prevented from being inadvertently 
erased by, e.g., overwrite by setting the archive flag^setting it at "1"). 
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[0515] FIG. 56 is a flow chart for explaining the contents of step ST31 8 upon cell playback in FIG. 54. 
[051 6] If cell playback starts (YES in step ST400), M PU 30 in FIGS. 39 to 41 determines the playback start address 
on the basis of the contents (FIGS. 21 to 23 or FIGS. 24 and 25) of program chain information PGCI (step ST404). MPU 
30 then sets a data read-out command in disc drive 32 (step ST406). 

[051 7] If cell playback is not started (NO in step ST400) and VOBUs do not continue (NO in step ST402), processes 
in steps ST404 to ST406 are executed. On the other hand, if cell playback is not started (NO in step ST400) and VOBUs 
continue (YES in step ST402), processes in steps ST404 to ST406 are skipped. 

[0518] After the above-mentioned process, MPU 30 reads a navigation pack 86 (if any) at the beginning of each 
VOBU (step ST408), and sets sync information and the like (step ST410). 

[0519] Furthermore, MPU 30 processes PCI packet 1 16 in the navigation pack (if any) (step ST412). PCI packet 
116 (FIG. 12) contains presentation control information PCI, and this PCI contains PCI general information PCI_GI. 
MPU 30 can execute a highlight process using highlight information HLI in PCI, and execute operation for prohibiting 
specific user's operations using user control information VOBUJJOP_CTL in PCI_GI, in step S412. 
[0520] Note that the highlight process includes a process for highlighting a sub-picture frame that bounds selecta- 
ble items in, e.g., green, and changing that color to red when the user selects an item. 

[0521] Also, the user's operation prohibition operation includes a process for prohibiting angle switching when the 
user presses angle key 5ang on remote controller 5 in FIG. 43, and displaying on the TV monitor a mark indicating that 
the key operation is prohibited. 

[0522] Upon completion of the process in step ST412, MPU 30 checks if a VOBU still process is to be done (step 
ST414). 

[0523] If the VOBU still process is to be done (e.g., the cell playback mode of cell playback information C_PBI in 
program chain information PGCI is ■1") (YES in step ST414), MPU 30 waits until playback of that VOBU ends (step 
ST41 6). Since the playback time of one VOBU is around 0.4 to 1.2 sec, this wait time is not so long. 
[0524] Upon completion of playback of that VOBU, the VOBU still process starts at the end of the playback (step 
ST41 8). For example, a frame which appears at the end of the VOBU is played back as a still picture. This still picture 
is kept played back until the user presses the playback key on the remote controller (FIG. 43) or DVD video recorder 
main body (FIG. 42). 

[0525] If the user does not press pause key 5d in step ST414 (NO in step ST414), or if the user presses the play- 
back key during the VOBU still process, MPU 30 checks if the cell is a last one which includes the VOBU (step ST420). 
[0526] If the cell is not the last one (NO in step ST420), the flow returns to step ST408 to read navigation pack 86 
of the next VOBU, thus repeating the processes in steps ST408 to ST420. If the cell is the last one (YES in step ST420), 
the control waits until playback of the VOBU at that time ends (step ST422). 

[0527] After that, the control enters a cell still process, and a frame that appears at the end of the cell is played back 
as a still picture until the time set as a cell still time in program chain information PGCI elapses (step ST424). Upon com- 
pletion of cell still playback, the control returns to the process shown in FIG. 54. 

[0528] FIG. 58 is a flow chart for explaining an example of playback operation of the DVD video recorder shown in 
FIG. 40 or 41. 

[0529] Assume that audio/video data are recorded on DVD-RAM disc (or DVD-RW disc) 1 0 to have the data struc- 
ture shown in FIGS. 2 to 4. Also, such disc 10 is loaded into disc drive 32 of the DVD video recorder shown in, e.g., FIG. 
40, and the playback start key is pressed. 

[0530] Then, MPU 30 in FIG. 40 reads control information DA21 recorded on disc 10. This control information DA21 
records playback control information DA21 1 , as shown in FIG. 3, which stores program chain information table PGCIT. 
This PGCIT includes one or more pieces of program chain information PGCI (see FIG. 21 ). MPU 30 saves this program 
chain information PGCI in its own work memory (step ST700). 

[0531] MPU 30 then determines playback of a playback title that the user designates using remote controlled (step 
ST702). If the user does not designate any playback title or if only one title is recorded on the audio/video zone, title #1 
is determined to be a playback title as a default. 

[0532] The user may consider this "title" to be the same as video title set VTS shown in FIG. 5. However, MPU 30 
recognizes VTS in FIG. 5 and a title (recorded program) recorded on audio/video data area DA2 in FIG. 4 as different 
ones. More specifically, in a video object set of VTS shown in FIG. 5, each cell is formed by a set of VOBUs including a 
navigation pack, as shown in FIG. 1 1 . However, in a video object set shown in FIG. 4, each cell is formed by a set of 
VOBUs without any navigation pack, as shown in FIG. 72. 

[0533] If playback of the designated title is determined, the program chain number and cell number of the playback 
title are determined (step ST704). Taking FIG. 27 as an example, PGC# and cell #1 (= cell A in FIG. 26) are determined. 
The recorded location of cell #1 of PGC#1 on disc 10 can be detected by reading out cell playback information 
CELL_PLY_INF#1 from PGC information in FIG. 21, and reading out the cell start and end addresses (FIG. 23) con- 
tained in that readout information. 

[0534] After the program chain number and cell number to be played back are determined, MPU 30 in FIG. 40 ini- 
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tially sets up the MPEG video decoder, sub-picture decoder, and audio decoder included in circuit block 600 on the 
decoder 60 side (step ST706). Upon completion of the initial setups, MPU 30 executes a pre-processing command 
(step ST708), and starts a process upon cell playback (step ST71 0). The process upon cell playback is a playback proc- 
ess executed when a video object set does not include any navigation pack, and details of this process will be described 
later with reference to FIG. 59. 

[0535] Upon completion of playback of the cell which is being played back by executing the cell playback process 
in step ST710, it is checked if the playback end cell is the last one in PGC of the title to be played back (step ST712). 
In the example shown in FIG. 27, since cell #1 is not the last one (NO in step ST712), the cell number is counted up 
(step ST714), and the playback process of the next cell starts (step ST710). In this case, cell #2 (= cell B in FIG. 26) of 
PGC#1 is played back. Likewise, the process loop of steps ST71 0 to ST71 4 repeats itself until playback of last cell #3 
(= cell C in FIG. 26) ends. 

[0536] Upon completion of playback of the last cell (YES in step ST712), a still process of PGC#1 which was played 
back so far is executed (step ST71 6). This PGC still process is a process for playing back one scene of last cell #3 of 
PGC#1 as a still picture for a predetermined period of time (this time can be arbitrarily determined, but should fall within 
several min at most). 

[0537] Upon completion of the PGC still process, MPU 30 executes a post-processing command (step ST71 8), and 
then updates the playback end flag (see FIG. 23) in the program chain information that was saved in the work memory 
in step ST700 to "01 " that indicates an end of playback (step ST71 9). 

[0538] After that, if the user requests to play back the next program chain (e.g., PGC#2 in FIG. 27) (NO in step 
20 ST720), the process loop of steps ST708 to ST720 repeats itself. Upon completion of playback of all cells of PGC#2, 
the playback end flag (see FIG. 23) of PGC#2 is updated to "01" that indicates an end of playback (step ST719). The 
same applies to PGC#3 in FIG. 27. (Note that cells C and D partially overlap each other in FIG. 26, and this means that 
the latter half VOBUs of cell C and the former half VOBUs of cell D are commonly used between cells C and D.) 
[0539] If the user wants to end playback and turns on the stop key of remote controller 5 in FIG. 43, playback ends 
25 (YES in step ST720), and a process upon completion of playback (e.g., letters "STOP" are displayed on display panel 
48 of the apparatus main body in FIG. 42, and so forth) is executed (step ST722), thus ending the playback process in 
FIG. 58. 

[0540] FIG. 59 is a flow chart for explaining the contents of process ST71 0 upon cell playback shown in FIG. 58. 
[0541] Continuity with a previous cell is checked (step ST71 1 0). When first cell #1 of PGC#1 is played back, since 

30 there is no previous cell, no cell continuity is found (NO in step ST71 1 0). In this case, MPU 30 reads out playback infor- 
mation CELL_PLYJNF#1 (FIG. 23) of cell #1 from PGC information (FIG. 21) saved in its own work memory, and deter- 
mines the start address (more specifically, logical block number LBN) of cell #1 (step ST71 1 1 ). After the cell playback 
position is determined in such manner, MPU 30 sets a data read-out command in disc drive 32 (step ST71 12). In this 
manner, cell #1 of PGC#1 begins to be played back from disc 1 0. 

35 [0542] Upon starting cell playback, MPU 30 sets a time (see C_PBTM in FIG. 23) of a cell recorded in control infor- 
mation DA21 in an area named "work TIME" allocated in its own work RAM (step ST71 1 3). At the beginning of playback 
of first cell #1 , the contents of this work TIME are set to be, e.g., zero. On the other hand, at the beginning of playback 
of next cell #2, the contents of work TIME are set to be a value that corresponds to, e.g., the playback time of cell #1 . 
[0543] After that, playback continues to the end of the cell unless the user turns on the stop key of remote controller 

40 5 or apparatus main body 200 (NO in step ST71 14). 

[0544] If the cell which is being played back has reached its end (YES in step ST71 1 5), MPU 30 waits until playback 
of the last VOBU of that cell ends (step ST71 16). Upon completion of playback of this VOBU, a frame that appears at 
the end of the cell is played back as a still picture (step ST71 1 7). After this still playback is executed for a predetermined 
period of time, the control returns to the process shown in FIG. 58. 

45 [0545] If the user turns on the stop key during cell playback (YES in step ST71 1 4), playback ends at that time, and 
playback suspend information (information indicating how far the cell played back, or the like) is recorded in the work 
RAM of MPU 30 (step ST71 1 8), thus ending the playback process. 

[0546] If the playback process (step ST71 0) of the next cell is executed after playback of cell #1 has ended (NO in 

step ST712, step ST714), previous cell #1 and cell #2 to be played back are continuously recorded (YES in step 
so ST71 1 0). In this case, the processes in steps ST71 1 1 and ST71 1 2 are skipped. 

[0547] FIGS. 60 and 61 are flow charts for explaining an example of a process for editing the user menu in the 

apparatus shown in FIG. 40 or 41. FIG. 71 shows an example of edit operations of the user menu (chapter menu). 

[0548] When the user presses, e.g., menu edit key 5edt of remote controller 5 in, FIG. 43, MPU 30 in FIG. 40 or 41 

starts the user menu edit process shown in FIGS. 60 and 61 . 
55 [0549] When this process starts, MPU 30 creates a header of a user menu file (see FIG. 36) (step ST802). In this 

header, only data that can be recorded there are created and recorded. (Every time a thumbnail picture for a user menu 

is registered in a thumbnail picture file, the header data is updated.) 

[0550] Also, a time bar (a character string like 15 min, 30 min,..., 75 min exemplified in the uppermost column in 
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FIG. 71 , and a sequence of boxes below the character string) corresponding to the playback time of a title, which is to 
undergo the user menu edit process, is displayed on the monitor screen shown in FIG. 57 (step ST804). In addition, a 
cursor (upward arrow T = time cursor in FIG. 71 ) for selecting the time position of a screen to be used in the user menu 
is displayed below the time bar (step ST808). This time cursor can move to the right and left by operating cursor key 5q 
of remote controller 5 shown in FIG. 43. 

[0551] The user can find a desired picture by moving the time cursor upon operating the cursor key of remote con- 
troller 5. 

[0552] Of the title to be edited, a picture (A in this case) extracted from the time zone pointed by the time cursor is 
displayed as a thumbnail picture on the monitor screen in FIG. 57 (step ST806). 

[0553] For example, assume that disc 10 to be edited has recorded five titles (five independent programs) A to E, 
as shown in FIG. 69. Note that title A is a video of natural landscapes in Some African countries, B a video of land- 
scapes in major cities of the North America, C a video of wild animals living on the South American Continent D a video 
of various natural landscapes on the Australian Continent and E a video of landscapes at resort places in European 
countries. 

[0554] Assume that title A is selected as a title to be edited. As exemplified in FIG. 70, title A consists of five pro- 
gram chains PGC1 to PGC5. Also, assume that PGC1 contains video scene A that introduces the African Continent 
including the topography of the overall African Continent, PGC2 video scene a1 that introduces nature in Ethiopia, 
PGC3 video scene a2 that introduces nature in Etruria, PGC4 video scene a3 that introduces nature in Kenya, and 
PGC5 video scene a4 that introduces nature in Zaire. 

[0555] Note that video scene "African Continent" is PGC1 , playback of which takes 10 min 15 sec, video scene 
"Ethiopian nature" a1 is PGC2, playback of which takes 1 7 min 8 sec, video scene "Etruscan nature" a2 is PGC3, play- 
back of which takes 38 min 8 sec, video scene "Kenyan nature" a3 is PGC4, playback of which takes 50 min 15 sec, 
and video scene "Zairian nature" a4 is PGC5, playback of which takes 63 min 32 sec. 

[0556] When the time cursor displayed in step ST808 in FIG. 60 points to a specific playback time zone of PGC1 , 
picture A extracted from PGC1 in video scene "African Continent" A is displayed as a thumbnail picture at the center of 
the monitor screen (step ST810) (see the uppermost left screen in FIG. 71). 

[0557] When the user shifts the time cursor in FIG. 71 to the right by operating the cursor key of remote controller 
5 and points to a certain playback time zone of PGC2 (step ST810), picture a1 extracted from video scene "Ethiopian 
nature" a1 is displayed as a thumbnail picture at the center of the monitor screen (step ST810), and previously dis- 
played picture A of "African Continent" is moved to the lower left position on the screen (step ST812) (see the upper- 
most right screen in FIG. 71). 

[0558] in the arrangement shown in FIG. 40, l-picture which includes picture A (selected picture) which has been 
moved to the lower left position on the screen is transferred to data processor 36, and is saved in temporary storage 
34A as a thumbnail picture (step ST814). 

[0559] On the other hand, in the arrangement shown in FIG. 41 , picture A (selected picture) which has been moved 
to the lower left position on the screen is transferred to and packed by video encoder 53, and the pack data is trans- 
ferred to data processor 36 and is saved in large-capacity temporary storage 34B (step ST814). f 
[0560] Note that thumbnail pictures A, al , and the like are generated by thumbnail video encodeV 58 upon encoding 
in the arrangement shown in FIG. 40, or are generated by thumbnail picture generator 64A upon decoding in the 
arrangement shown in FIG. 41. 

[0561] Also, information that pertains to the selected picture is saved in the internal work RAM of MPU 30 so as to 
be recorded in the user menu file header later. At this time, when the display position of the thumbnail picture is also 
determined, a positioning cursor (not shown) may be displayed to make the user designate the position of the thumbnail 
picture. 

[0562] Subsequently, MPU 30 instructs the internal microcomputer (not shown) of data processor 36 to execute the 
"32-kbyte align" process that has been explained early with reference to FIG. 36 <step ST816). 

[0563] When text information is to be appended to the selected picture, for example, when text "Africa" is to be 
appended to picture A, the user inputs text (step ST81 8). This text input can be implemented by displaying alphabets 
or kana characters on the monitor screen, and repeating operations for selecting a specific character using the cursor 
key of remote controllers and determining a desired character by the enter key. 

[0564] The input text information that pertains to the selected picture is saved in the internal work RAM of MPU 30 
so as to be recorded in the user menu file header later (step ST820). 

[0565] User operations in steps ST81 0 to ST820 repeat themselves until all pictures of desired PGCs are selected. 
That is, the user shifts the time cursor to point to a certain playback time zone of PGC3 to display picture a1 (see the 
middle left screen in FIG. 71). Likewise, the user shifts the time cursor to point to certain playback time zones of PGC4 
and PGC5 in turn to display pictures a3 and a4 (see the middle right screen in FIG. 71). 

[0566] If title A "African Continent" contains PGC6 of another video scene, and the user shifts the time cursor to 
point to a given playback time zone of this PGC5, the user menu screen is switched to the next screen (YES in step 
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ST822). For example, when the user shifts the time cursor to point to a playback time zone from 75 min to 90 min, the 
thumbnail screen display area of the user menu displayed so far is cleared (step ST824), and new picture a5 of PGC6 
is displayed as a thumbnail picture at the center of the screen (see the lower left screen in FIG. 71). 
[0567] If no next screen is available, or if the user does not move the time cursor to point to the playback time zone 
5 of the next screen (NO in step ST822), clearing of the screen in step ST824 is skipped. 

[0568] Upon completion of all screen selection operations of desired playback time bands, the user inputs the end 
of the menu edit process (the user selects "YES" on the lower right screen in FIG. 71 , and then turns on the enter key 
of remote controller 5). Then, the menu edit process by the user ends (step ST826). 

[0569] Upon completion of the menu edit process by the user, a registration process of edited data on disc 10 
w starts. 

[0570] More specifically, referring to FIG. 61, "1" is set in index N, and the total number of background pictures 
stored in the internal ROM of MPU 30 is set in index M (step ST828). 

[0571] The N-th background picture in the ROM of MPU 30 is displayed (step ST830). This N-th background picture 
includes all selectable background patterns (see screen example G1 in FIG. 68). 
15 [0572] Furthermore, the selected pictures (A, a1, a2, a3, and a4 in the example of FIG. 70) saved in temporary stor- 
age 34A or 34B in the processes in steps ST810 to ST826 in FIG. 60 are displayed above the background picture as 
the registered thumbnail pictures (step ST832). In this state, a request message "select background picture" is pre- 
sented to the user (see screen example G2 in FIG. 68). 

[0573] If the user does not determine the type of background picture yet (NO in step ST834), he or she designates 
20 a desired one of a plurality of types of displayed background picture patterns by operating the cursor key (or a ten-key 
pad; not shown) of remote controllers. In response to this designation, the numerical value of index N set at "1" in step 
ST828 changes (step ST836). Upon a change in numerical value of index N, the background picture pattern to be dis- 
played changes (see screen example G3 in FIG. 68). 

[0574] When the user turns on the enter key of remote controller 5 while a desired background picture pattern is 
25 displayed, the background pattern corresponding to the numerical value of index N at that time is settled as a back- 
ground picture (YES in step ST834) (see screen example G4 in FIG. 68). 

[0575] The settled background picture (or its registration number) is read out from the ROM, of MPU 30, and is 
recorded in the user menu file (step ST838). The data of the background picture to be registered undergoes the "32- 
kbyte align" process as in step ST81 6 in FIG. 60 (step ST840). 
30 [0576] Then, a "frame picture" that fringes the registered thumbnail pictures which form the user menu is selected. 
[0577] More specifically, "1 " is set in index N, and the total number of frame pictures stored in the internal ROM of 
MPU 30 is set in index M (step ST842). 

[0578] The N-th frame picture in the ROM of MPU 30 is then displayed (step ST844). This N-th frame picture 
includes all selectable frame patterns. Within these frame patterns, the selected pictures (A, a1, a2, a3, and a4 in the 
35 example of FIG. 70) saved in temporary storage 34A or 34B are displayed as thumbnail pictures. In this state, a request 
message "select frame picture" is presented to the user (see screen example G5 in FIG. 68). 

[0579] Note that the frame picture is used to decorate the edges of a thumbnail picture or to show thumbnail pic- 
tures in contrast to the background picture. 

[0580] If the user has not determined the type of frame picture yet (NO in step ST848), he or she designates a 
40 desired one of a plurality of types of displayed frame picture patterns by operating the cursor key (or a ten-key pad; not 
shown) of remote controller 5. In response to this designation, the numerical value of index N set at "1" in step ST842 
changes (step ST850). Upon a change in numerical value of index N, the frame picture pattern to be displayed changes. 
[0581] When the user turns on the enter key of remote controller 5 while a desired frame picture pattern is dis- 
played, the frame pattern corresponding to the numerical value of index N at that time is settled as a frame picture (YES 
45 in step ST848). For example, if a solid-line frame of thumbnail picture A is selected, the solid-line frame is used as the 
frame pattern of thumbnail pictures (see screen example G6 in FIG. 68). 

[0582] When the thumbnail pictures and frame picture used in the user menu are determined in this way, necessary 
data are recorded in the header of the user menu file created in step ST802 in FIG. 60 (step ST852). 
[0583] After that, information (e.g., the user menu flag, main PGC number, display position, and the like in FIG. 1 8) 
so required for user menu file management is recorded in VMGI, VTSI, or control information DA21 (step ST854). 

[0584] Finally, the created user menu file is registered in the area of volume/file management information 70 shown 
in FIGS. 2 to 4 (step ST856), thus ending the process shown in FIG. 61 . 

[0585] FIG. 62 is a flow chart for explaining an example of the process for automatically creating a user menu file 
in the apparatus shown in, e.g., FIG. 40. The user menu file automatic creation operation shown in FIG. 62 is executed 
55 after the video recording process shown in FIG. 49. 

[0586] When the user successively presses menu edit key 5edt twice within a short period of time (e.g., within 1 
sec) (that is, when the user double-clicks the menu edit key), MPU 30 in FIG. 40 or 41 starts the automatic user menu 
creation process shown in FIG. 62. 
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[0587] When this process starts, MPU 30 creates a header of a user menu file (see FIG. 36), and records required 
data therein (step ST900). In this header, only data that can be recorded there are created and recorded. Every time a 
thumbnail picture for a user menu is registered, the header data is updated. 

[0588] The total number of program chains PGC that form the title (audio/video data) to be played back is set in 
index "M", and the first program chain number (= 1) is set in index N (step ST902). 

[0589] Subsequently, the first thumbnail picture of the N-th PGC is packed by formatter 56 as a thumbnail picture 

of data of a thumbnail picture memory, and is transferred to data processor 36 (step ST904). After that, MPU 30 

instructs data processor 36 to execute the "32-kbyte align" process (step ST906). 

[0590] Index N is incremented by 1 , and at the same time, index M is decremented by 1 (step ST908). 

[0591] If index M is larger than zero (NO in step ST910), the process loop of steps ST904 to ST908 repeats itself 

until index M becomes zero. 

[0592] If index M has been decremented to zero (YES in step ST910), i.e., if all thumbnail pictures have been trans- 
ferred, the display start coordinates (X- and Y-coorcfi nates) of thumbnail pictures obtained by the repetitive processes 
in steps ST904 to ST908 are computed, and are additionally described in the header file created in step ST900 (step 
ST912). The display start coordinates are computed so that the display positions of thumbnail pictures do not overlap 
each other. 

[0593] Then, a default background picture of the user menu is determined, and data of that background picture is 
transferred to data processor 36 (step ST914). Assume that the background picture data is saved in the internal ROM 
of MPU 30 after it is compressed by MPEG2 and is packed. After transfer of this background picture data, MPU 30 
instructs data processor 36 to execute the aforementioned "32-kbyte align" process (step ST91 6). 
[0594] After that, the background picture data is added to the header created in step ST900 (step ST918), and 
required data are also recorded in this header (step ST920). 

[0595] Necessary data (user menu flag, main PGC number, display position, and the like) are recorded in manage- 
ment information (VMGI or VTSI) or control information DA21 (step ST922), and the automatically created menu file is 
registered in volume/file management information 70 (step ST924). 

[0596] Upon determining the background picture (and/or frame picture) of the user menu, it (they) may be selected 
in accordance with the type of thumbnail picture. 

[0597] For example, a method of selecting a background picture in correspondence with the brightness of a thumb- 
nail picture to be displayed may be used. More specifically, pictures having stepwisely different luminance levels (bright- 
est picture, bright picture, normal picture, dark picture, darkest picture, and the like) are prepared in a background 
picture pattern ROM in MPU 30. Upon playback, the average of the luminance levels of all the thumbnail pictures to be 
displayed is computed. If the average luminance is high, a picture is selected from dark background pictures; if the aver- 
age luminance is high, a picture is selected from bright background pictures. 

[0598] Alternatively, a method of selecting a background picture in correspondence with the hue of a thumbnail pic- 
ture to be displayed may be used. More specifically, pictures with different hues (reddish picture, bluish picture, greenish 
picture, whitish picture, blackish picture, and so forth) are prepared in a background picture pattern ROM in MPU 30. 
Upon playback, the average of the hues of all thumbnail pictures to be displayed is computed. If the average hue indi- 
cates red, a picture is selected from blue background pictures; if the average hue indicates blue, a picture is selected 
from red background pictures; if the average hue indicates white, a picture is selected from black background pictures; 
and if the average hue indicates green, a picture is selected from red background pictures. 

[0599] FIGS. 63 and 64 are flow charts for explaining an example of the process for searching the user menu in the 
apparatus shown in FIG. 40 or 41. 

[0600] Upon depression of menu key 5n of remote controller 5 shown in FIG. 43, a menu search is conducted. 
[0601] If disc 10 loaded in disc drive 32 at that time is a DVD-R having the data structure shown in FIG. 5 (start 1 
in FIG. 63), MPU 30 reads VTSI (step ST1000). If VTSI includes VTSM (YES in step ST1002), the flow advances to a 
VTSM process. If no VTSM is available (NO in step ST1002), MPU 30 reads VMGI (step ST1004). 
[0602] On the other hand, if disc 10 loaded in disc drive 32 is a DVD-RAM or DVD-RW having the data structure 
shown in FIGS. 2 to 4 (start 2 in FIG. 63), MPU 30 reads playback control information DA21 1 (FIG. 3) (step ST1001). 
[0603] If the management table (FIG. 1 5) of the read VMGI includes user menu flag = "01 " (YES in step ST1 006), 
or if the management table (FIG. 1 8) of read playback control information DA21 1 includes user menu flag = "01 " (YES 
in step ST1006), initial setups of MPEG video recorder 64 are done (step ST1008). 

[0604] Subsequently, the user menu file created in the process shown in FIGS. 60 and 61 or FIG. 62 is read out, 
and the background picture is displayed (step ST1010). 

[0605] In this state, the user inputs a keyword (e.g., "Africa") by operating keys on remote controller 5 (step 
ST1 01 2). MPU 30 then reads out text data in the user menu file header, and searches for a thumbnail picture appended 
with the same word as the input keyword ("Africa") (step ST1 014). 

[0606] MPU 30 sets the number of thumbnail pictures found as a result of the search in index "USRNS", and sets 
the first thumbnail picture number in parameter "USRJMUM" (step ST1016). 
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[0607] Then, a thumbnail picture designated by "USRJMUM" is displayed not to overlap other thumbnail pictures 
(step ST1018). After that, index "USRNS" is decremented (step ST1020). If decremented index "USRNS" becomes 
zero (YES in step S1 022), the user selects a desired one (e.g., Kenya on the African Continent) of the displayed thumb- 
nail pictures (step ST1 024). 

5 [0608] If a specific thumbnail picture (e.g., Kenya) is selected, MPU 30 reads out the contents of the thumbnail pic- 
ture management area (FIG. 36) to determine a target PGC, and initially sets up the respective decoders (step 
ST1026). Then, MPU 30 searches for a target PGC (e.g., a program that has recorded landscapes in Kenya) (step 
ST1028), and plays that PGC back if it is found. 

[0609] If it is determined in step ST1 022 that decremented index "USRNS" is larger than zero (NO in step ST1 022), 

10 the flow jumps to step ST1 030 in FIG. 64. 

[0610] The next thumbnail picture number is set in parameter "USRJMUM" (step ST1030). If the next screen is not 
required (NO in step ST1 032), the flow returns to step ST1 018 in FIG. 63. Whether or not the next screen is required is 
determined by checking if a plurality of thumbnail pictures can be displayed without overlapping each other. 
[0611] If the next screen including another thumbnail picture is required (YES in step ST1032), a cursor display for 

75 the next screen is made (step ST1034), and the user selects a desired thumbnail picture from that display (step 
ST1 036). If the next screen need not be selected (NO in step ST1 038), the flow returns to step ST1 026 in FIG. 63. 
[0612] If the next screen is selected (YES in step ST1 038), the screen is cleared, and the background picture is re- 
displayed (step ST1 040). The flow then returns to step ST1 01 8 in FIG. 63. 

[0613] FIGS. 65 to 67 are flow charts for explaining an example of the process for playing back the user menu in 
20 the apparatus shown in FIG. 40 or 41 . 

[0614] Upon depression of menu key 5n of remote controller 5 shown in FIG. 43, a menu search is conducted. 

[0615] If disc 10 loaded in disc drive 32 at that time is a DVD-R having the data structure shown in FIG. 5 (start 1 

in FIG. 65), MPU 30 reads VTSI (step ST1 1 00). If VTSI includes VTSM (YES in step ST1 1 02), the flow advances to a ,. 

VTSM process. If no VTSM is available (NO in step ST1 102). MPU 30 reads VMGI (step ST1 104). 
25 [0616] On the other hand, if disc 10 loaded in disc drive 32 is a DVD-RAM or DVD-RW having the data structure 

shown in FIGS. 2 to 4 (start 2 in FIG. 65), MPU 30 reads playback control information DA21 1 (FIG. 3) (step ST1 101 ). 

[0617] If the management table (FIG. 15) of the read VMGI includes user menu flag = "01" (YES in step ST1106), 

or if the management table (FIG. 1 8) of read playback control information DA21 1 includes user menu flag = "01 " (YES 

in step ST1 106), MPU 30 searches title search pointer table TT_SRPT (FIG. 16) for titles including the user menus 
30 (step ST1 1 08). After that, initial setups of MPEG video decoder 64 are done (step ST1 1 1 0). 

[0618] Subsequently, the user menu file created in the process shown in FIGS. 60 and 61 or FIG. 62 is read out, 

and the background picture is displayed (step ST1 1 1 2). 

[0619] MPU 30 then sets the number of titles including the user menus in index "N", and sets the first title number 
in parameter "M" (step ST1 114). 
35 [0620] In this case, if this process started from "start 2", the flow jumps to step ST1128 in FIG. 66. On the other 
hand, if this process started from "start 1 VTSI of title number "M" is read (step ST1 1 1 6). 

[0621] If display text data is present at a target coordinate position (display position at the byte positions "1 9 to 22" 
in FIG. 16) described in title search pointer table TT_SRPT, MPU 30 writes a representative thumbnail image corre- 
sponding to the display text data in a frame buffer below the thumbnail image on the basis of that text data with refer- 
40 ence to its internal character ROM (step ST1 118). 

[0622] Index "N" is then decremented (step ST1 120). If index "N" becomes zero (YES in step ST1122), a title is 
selected at that time (step ST1 1 24). After that, the flow jumps to step ST1 126 in FIG. 66. If index "N" is larger than zero 
(NO in step ST1 122), the flow jumps to step ST1 150 in FIG. 67. 

[0623] If a given title is selected in step ST1 1 24 in FIG. 65, target VTSI is read (step ST1 1 26) in FIG. 66. 
45 [0624] The thumbnail picture file is read out, and the background picture is displayed (step ST1128). PGCI is 
searched for PGCs having thumbnail pictures (step ST1 130). 

[0625] The number of PGCs having thumbnail pictures is set in index "PGCNS", and the first PGC number is set in 
parameter "PGC_NUM" (step ST1 132). 

[0626] The thumbnail picture designated by parameter "PGC_NUM" set in this manner is displayed at the target 
so coordinate position (described in TT_SRPT) (not to overlap other pictures) (step ST1 1 34), and index "PGCNS - is dec- 
remented (step ST1136). If decremented index "PGCNS" is larger than zero (NO in step ST1138), the flow jumps to 
step ST1 170 in FIG. 67. 

[0627] If decremented index "PGCNS" becomes zero (YES in step ST1 138), PGC at that time is selected (step 
ST1 140), and a target PGC is searched (step ST1 142), thus starting the playback process of that PGC. 
55 [0628] If it is determined in step ST1 122 in FIG. 65 that decremented index "N" is larger than zero (NO in step 
ST1 122), the flow jumps to step ST1 150 in FIG! 67. 

[0629] The next title number is set in parameter "M" (step ST1 1 50). If the next screen is not required (NO in step 
ST1 152), the flow returns to step ST1 1 1 8 in FIG. 65. 
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[0630] If the next screen is required (YES in step ST1152), a cursor display for the next screen is made (step 
ST1 154), and the user selects a desired title from that display (step ST1 156). If the next screen need not be selected 
(NO in step ST1 1 58), the flow returns to step ST1 1 24 in FIG. 65. 

[0631] If the next screen is selected (YES in step ST1 158), the screen is cleared, and the background picture is re- 
displayed (step ST1 1 60). The flow then returns to step ST1 1 1 8 in FIG. 65. 

[0632] If it is determined in step ST1 1 38 in FIG. 66 that decremented index B PGCNS" is larger than zero (NO in step 
ST1 1 38), the flow jumps to step ST1 1 70 in FIG. 67. 

[0633] The next title number is set in parameter "PGCJMUM' (step ST1 1 70). If the next screen is not required (NO 
in step ST1 1 72), the flow returns to step ST1 134 in FIG. 66. 

[0634] If the next screen is required (YES in step ST1172), a cursor display for the next screen is made (step 
ST1 1 74), and the user selects a desired PGC from that display (step ST1 1 76). If the next screen need not be selected 
(NO in step ST1 1 78), the flow returns to step ST1 1 42 in FIG. 66. 

[0635] If the next screen is selected (YES in step ST1 1 78), the screen is cleared, and the background picture is re- 
displayed (step ST1 180). The flow then returns to step ST1134 in FIG. 66. 

[0636] Note that remote controller 5 in FIG. 43 has menu key 5n and title key 5p. Title key 5p can be used to call a 
title menu (VMGM), and menu key 5n can be used to call a root menu (VTSM). From the root menu, an audio switching 
menu, sub-picture switching menu, part-of-title PTT menu (chapter menu), and the like can be selected. Note that 
VTSM is defined as a menu that the provider can freely produce. 

[0637] On the other hand, in the DVD video recorder that can record and play back data, since a normal user 
records video, neither VMGM nor VTSM are normally set unlike a DVD-video ROM. Hence, in the embodiment shown 
in FIGS. 65 to 67, the user menu is displayed as one of the menu key processes, and if no VTSM is recorded on the 
disc, the user menu file operation is made. 

[0638] Various embodiments have been explained. However, the embodiments of the present application also dis- 
close auxiliary contents other than items indispensable to the present invention. More specifically, which of various 
building components in the plurality of embodiments disclosed in the present application are to be selected to constitute 
the invention (apparatus, method, system) is determined case by case. The determination result is reflected in the 
appended daims, and the contents of the appended claims need not always include all building components disclosed 
in the embodiments. 

[0639] As described above, according to the present invention, the user can relatively easily create a visual menu 
used in search for recorded contents and the like. 

Claims 

1. A digital information recording medium which records video data including a moving picture and control informa- 
tion, characterized in that 

the control information includes thumbnail control information; and 

the thumbnail control information includes information for generating a thumbnail image which is generated 
based on contents of a representative picture of the moving picture of the video data, and information for using 
the generated thumbnail picture in a menu corresponding to contents of the video data. 

2. A digital information recording medium according to claim 1, characterized in that the control information further 
includes edit control information of the menu. 

3. A digital information recording medium according to claim 1 , characterized in that the thumbnail control information 
includes an anchor pointer used to edit the menu. 

4. A digital information recording medium according to any one of claims 1 to 3, characterized in that the thumbnail 
control information includes an information table of a picture used in the menu. 

5. A digital information recording medium according to claim 4, characterized in that the information table includes 
menu index information used in the menu. 

6. A digital information recording medium according to claim 4, characterized in that the information table includes 
slide and still picture information used in the menu. 

7. A digital information recording medium according to claim 4, characterized in that the information table includes 
information picture information that pertains to the menu. 
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8. A digital information recording medium according to claim 4, characterized in that the information table includes 
information indicating a defective area of said digital information recording medium. 

9. A digital information recording medium according to claim 4, characterized in that the information table includes 
5 wallpaper picture information used as a background picture of the menu. 

10. A digital information recording/playback system for recording/playing back video data including a moving picture 
and control information, characterized in that 

w at least thumbnail control information is used as the control information; and 

the thumbnail control information includes information for generating a thumbnail Image which is generated 
based on contents of a representative picture of the moving picture of the video data, and information for using 
the generated thumbnail picture in a menu corresponding to contents otthe video data. 
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